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1. Introduction
Quantitative studies of bird populations have been carried on in
east central Illinois since the beginning of the twentieth century.
These permitted detailed analyses of the changes that have occurred
and their probable causes. Similar changes have doubtless occurred
in other parts of the country and hence are of general interest.
Walcott (1974) summarized observations by bird students at
Cambridge, Massachusetts, at intervals over a period of 105 years
(1860 to 1964), and Lack (1969) reported annual censuses from
1928 to 1967, interrupted only during the war years, of land
birds on a small island off southeast Wales. The National Audubon
Society has long been concerned with obtaining quantitative data
on fluctuations of bird populations in North America, beginning
with the Christmas bird counts in 1900, breeding bird censuses in
1937, and winter bird population studies in 1947-48. Summaries
of the data occur regularly in the Society's American Birds. Coor-
dinated studies of this sort are being undertaken in other parts
of the world (Pinowski and Williamson, 1974).
I am here concerned with analyzing variations in species com-
position and population sizes of the avifauna in east central Illi-
nois over the half century from 1924 through 1976. East central
Illinois includes Vermilion, Champaign, and Piatt counties with an
extension into McLean County to include Funk Forest (Fig. 1).
The region was originally covered by tallgrass prairie with forest
largely limited to the floodplains and adjacent uplands along the
rivers. Topographic relief is low, with elevaton of the upland
varying only between about 200 and 225 m above sea level.
Graber and Graber (1963) provided a background for the pres-
ent study in their comparison of population changes over the
entire state of Illinois for the 50-year interval, 1906-9 to 1956-58.
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Intensive observations, chiefly in Champaign County, by Smith
(1930) and his classes in ornithology at the University of Illinois
between 1903 and 1922, were summarized in a table of spring
migration dates. Kendeigh et al. (1976) compiled a checklist for
Piatt, Champaign, and Vermilion Counties that included 292
species of which 38 were permanent residents, 114 were tran-
sients, 75 were summer residents, 20 were winter visitors, 37 were
accidental or very rare, and 8 are no longer present.
The present study is concerned with breeding bird populations
in six upland and four bottomland or floodplain forests along the
Sangamon River on the west and the Vermilion-Salt Fork River
System on the east and how succession of bird populations on
abandoned farmlands and on areas that have been stripped for
coal lead to the climax community found in the forest. Unfortu-
nately there was no large area of original prairie available for
comparative study. Comparison of populations in the forested
areas show the effects on species composition and community
structure of tract size, habitat, and location in different river
systems. The size of the tract, especially when surrounded by a
different kind of vegetation, is of considerable importance in
evaluating areas for preservation.
The longest and most concentrated monitoring of bird popula-
tions was undertaken at William Trelease Woods (Frontispiece).
Succession of bird populations on abandoned farmland was studied
from 1946 to 1971 at Robert Allerton Park. Christmas bird counts
were taken over the region from 1941 to the termination of field
observations in 1976. They are included to show whether fluctua-
tions in bird populations at William Trelease Woods, especially
permanent resident species, are representative for the region.
Fluctuations in population size have been shown in graphical
form, and statistical analyses have been kept to a minimum.
The population data, however, are presented in table form through
the text and in appendices for whatever use other investigators
may wish to make of them.
2. Location of Raw Data
Field data and notes on breeding and wintering bird populations
and summary maps showing territories of individual species are
filed in the archives of the University of Illinois Main Library at
Urbana, Illinois. Unpublished Master of Science theses are in the
stacks of the Main Library. These records and reports are available
for use by other investigators.
3. Description of Forest Census Areas
The following accounts are derived in part from forestry publi-
cations. Analysis of the vegetation as it exists at the present time
(1979-81) has been undertaken by J. R. Karr and J. G. Blake
under a U.S. Fish and Wildlife Service contract (14-16-009-79-023)
using modern procedures such as described by James and Shugart
(1970) and others. Their report will be available after completion.
It must be kept in mind, however, that the forest vegetation in
some of my own census areas has changed considerably during
the past half-century.
William Trelease Woods
William Trelease Woods, an isolated tract of approximately 24 ha
(not 22.3 ha, as was incorrectly reported in the Breeding Bird
Census and Winter Bird-Population Studies in American Birds) is
located about 6.5 km northeast of Urbana in Champaign County
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(40°08' N, 88° 18' W) (Fig. 1). Before settlement by white men,
it was part of the so-called Big Grove, which covered about 26
km 2 . The Big Grove was originally surrounded by prairie except
for a corridor of trees along the West Branch of the Salt Fork
River that connected with more extensive forest along the Vermi-
lion River near the Illinois-Indiana state boundary. Most of the
timber of the Big Grove was logged during the nineteenth century,
except for this woods and Brownfield Woods (Fig. 1). William
Trelease Woods was never clear cut, but the southern half served as
a woodlot at one time, and some grazing was permitted. The tract
was acquired by the University of Illinois in 1917-18 and has been
protected from human disturbance since then, except for creation
of a small pond along the east border in 1936.
The principal trees in the woods at the present time, in descend-
ing order of importance (sum of percent relative density and rela-
tive basal area) are sugar maple (Acer saccharum L.), hackberry
(Celtis occidentalis L.), white ash (Fraxinus americana L.), slip-
pery elm (Ulmus rubra Miihl.), basswood (Tilia americana L.),
red oak {Quercus rubra L.), and Ohio buckeye (Aesculus glabra
Willd.). Prior to the early 1950s, American elm (Ulmus americana
L.) was a prominent species, but diseases later reduced it to minor
importance. Sugar maple formerly covered about 30% of the area,
mixed hardwoods 45%, and American elm 25% (Boggess, 1964).
There was a total of 368 trees ha -1 , 7.6 cm and over in diameter
breast height (DBH), with a basal area of 21 m 2 ha_1 . With disap-
pearance of American elm in the 1950s, slippery elm and hack-
berry have increased. A relatively dense shrub stratum occurs
irregularly and consists predominantly of pawpaw (Asimina
triloba (L.) Dunal) and spicebush (Lindera benzoin (L.) Blume).
A diversity of flowering herbs is conspicuous in spring, while in
the summer wood nettle (Laportea canadensis (L.) Gaudichaud-
Beaupre) is ubiquitous.
The woods has 2.0 km of edge, and in the early years farm
crops of corn, soybeans, wheat, and oats came close to the forest
along the south, east, and north borders so that the forest edge
was quite narrow. In 1943 an eight-hectare field adjacent to the
south border was planted with prairie grasses, and a good stand
of tallgrass prairie was developed during the next few years. Shrubs
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and trees slowly spread into the grassland. Likewise, a narrow strip
was added along part of the east border and all of the north
border, and a cinder road was built in this strip. A country road
with two farm homes extends along the west side.
Funk Forest
Funk Forest is in McLean County (Fig. 1) about 24 km south-
west of Bloomington between the towns of Funks Grove and
McLean (40° 21' N, 89° 09' W). It is a rectangular 24-ha area at
the south end of an extensive, nearly virgin, forest tract and was
acquired by the University of Illinois in 1950. There is contact
with open fields along the entire east and most of the south sides.
Timber Creek, part of the Sangamon River System, crosses the
area about a quarter of the distance from the south border. The
south bank rises sharply and forms a bluff up to 12 m high.
Sugar maple is the leading dominant followed by white oak
(Quercus alba L.), slippery elm, and American elm. There are 333
trees ha-1 with a basal area of 27 m 2 ha-1 . Some maples and oaks
reach diameters of 76 cm (Boggess and Geis, 1966). The American
elm was still present at the time the bird censuses were taken by
Calef (1953) in 1950 and 1951.
Robert Allerton Park
There are some 180 ha of upland forest in the 600-ha Robert
Allerton Park (Fig. 1), located along the Sangamon River (39° 59'
N, 88° 39' W). The park was acquired by the University of Illinois
in 1946. White oak ranks first in importance in the composition
of the tree flora, based on percentage of total basal area (22 m 2
ha-1 ), followed by black oak (Quercus velutina Lam.), red oak,
white ash, sugar maple, and some 14 other species (Batzli, 1977).
Sugar maple represents an invading species (Boggess and Geis,
1967) which apparently first appeared around 1900 (F. L. Johnson,
personal communication). Selective cutting for oak is believed to
have occurred in the Park between 1847 and 1965 (Johnson and
Bell, 1975), and some logging may have occurred again in the mid
1890s (Sipp and Bell, 1973). Narrow roads, graded to permit
access by automobiles, circle through the forest.
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An area of about 7.3 ha (Fig. 26, 27:1) was censused by Allison
(1947) in 1946. An adjacent area of 12.6 ha (Fig. 27:2) was
censused over six years (Appendix 3): 1949 (Holmes, 1950),
1950 (Weise, 1951), 1951 (Van Horn, 1952), 1962 (Balda, 1963),
1964 (Pointer, unpubl. data), and 1966 (Roth, 1967). The first
three censuses were taken before death of the American elm from
disease, the last three censuses after the tree's disappearance but
before the complete recovery of the forest.
Of the extensive floodplain forest along the Sangamon River at
Robert Allerton Park (Bell, 1974), the portion censused was
roughly triangular and contained 10.0 ha (Fig. 26, 27:3). It was
bordered on the west and north by the river and similar floodplain
forests and on the southeast by a bluff adjacent to the upland
forest above described. In terms of percentage of total basal area
of trees (21 m 2 ha_1 ) measured between 1972 and 1974, silver
maple (Acer saccharinum L.) was the most important dominant,
followed by green ash (Fraxinus pennsylvanica Marsh.), bur oak
(Quercus macrocarpa Michx.), sycamore (Platanus occidentalis L.),
big shagbark hickory (Carya laciniosa (Michx. f.) Loud.), hack-
berry, and ten other species (Batzli, 1977). The forest was essen-
tially virgin. Numerous vines hung from the trees, patches of
common elder (Sambucus canadensis L.) and buttonbush (Cephal-
anthus occidentalis L.) were present, and during the summer the
ground was densely covered with wood nettle and poison ivy
(Rhus radicans L.), which reached heights of 1-1.5 m. Death of
elm trees in the 1950s disrupted the canopy considerably in the
north central part of the area, which came to simulate a broad
forest edge.
Bird censuses (Appendix 3) were taken in 1949 (Homes, 1950),
1950 (Weise, 1951), 1951 (Van Horn, 1952), 1963 (Case, 1964),
and 1967 (Hudson, 1968).
White Heath Area
This 20-ha study area lies a short distance upstream from Robert
Allerton Park (Fig. 1) in Piatt County. It is about 1.6 km north of
White Heath village, on the north side of the Sangamon River, and
immediately east of a secondary highway. Farmland occurs
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above the bluff on the north. There has been no recent logging or
grazing in the area but the forest is relatively young second growth.
Similar forest extends along both sides of the river in both directions.
The principal dominants in order of decreasing importance
are slippery elm, silver maple, hackberry, green ash, and hawthorn
(Crataegus sp.). The number of trees over 6.2 cm (DBH) is 583 ha-1 .
Climbing grape (Vitis sp.) and poison ivy make dense tangles in
trees, shrubs, and over fallen logs and the ground is covered with
giant ragweed (Ambrosia trifida L.) and wood nettle in the sum-
mer. The area was censused by Fawver (1947) in 1946.
Hart Memorial Woods
Hart Memorial Woods lies about 4.8 km northeast of Mahomet in
Champaign County (Fig. 1) on the east side of the Sangamon
River (40° 14' N, 88°2l' W). It contains 14.2 ha of which about
9.1 ha are upland. The upland forest is continuous for several
kilometers to the south, but on the north and east the forest is
bounded by farmland, a road, and dwellings. The University of
Illinois acquired the area in 1965.
White oak is most important in the upland, then black oak,
slippery elm, and red oak. American elm occurred before the epi-
demic. Sugar maple is absent. There are 310 trees ha-1 7.6 cm or
over (DBH), with a basal area of 278 m 2 ha-1 (Root et al., 1971).
Logging occurred here about 125 years ago (Johnson and Bell,
1975). The breeding birds were censused by Blem and Blem
(1975) in 1966 and 1967 and by Willson (1974) in 1969 and
1970. The populations for the first two years, as originally reported,
have been revised for some species, and averages have been made
for the four years.
A wooded bluff divides the upland forest from the 5 -ha flood-
plain forest, which is part of a continuous forest along the river.
Open fields occur across the river. American elm formed nearly
a pure cover before the advent of the elm diseases, but at the
time of the censuses, silver maple, green ash, and small young
American elm were most important, followed by seven other
species (Root et al., 1971). Total trees number 154 ha-1 and
basal area is 132 m 2 ha-1 . It is a young forest.
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Salt Fork Area
This area of 6.2 ha is on the north side of the Salt Fork River
above its entry into the Vermilion River, southwest of Danville,
Illinois (Fig. 1). The area was strip-mined for coal between 1900
and 1910 and at the time of the census, 1966 (Karr, 1968), the
oldest tree had only 49 growth rings. The canopy was closed,
however, and the dominant tree species were eastern cottonwood
(Populus deltoides Bartr.), silver maple, and sycamore. It is part of
a continuous forest along the river.
Vermilion River Woods
In 1958 the University of Illinois purchased a tract of about 193
ha approximately 6.4 km southeast of Danville, Vermilion County,
in the wooded strip on the east side of the Vermilion River (40° 5'
N, 87° 3 5' W). Part of the area is used for an observatory contain-
ing parabolic radio-telescopes, but most of the area is undis-
turbed. Smock (1970) conducted a breeding bird census on 16 ha
of the best part of the wooded area in 1969. About 56% of the
study area is fairly level upland which had been exposed to grazing
by domestic animals until 1959, and the remainder consists of
fairly steep slopes to a branching intermittent stream that crosses
the area. The principal dominant trees are, in order, red oak,
hickory, white oak, and sugar maple. An understory, mainly of
sugar maple and eastern hophornbeam (Ostrya virginiana (Mill.)
K. Koch.), is scattered in the upland but dense on the slopes.
4. Methods of Censusing
Spot-mapping of Breeding Birds
A. S. Hyde (unpublished data) derived breeding bird populations
in 1927 and 1928 from maps of the woods showing the location
of nests or of birds that repeatedly showed solicitude for definite
localities when the search for nests proved fruitless. Twomey
(1945) visited the woods almost daily during the nesting seasons
of 1934 and 1935 and mapped territories. Effort was also made
from 1936 to 1939 to map the location of nesting pairs. The
woods were gridded with stakes in 1939 at intervals of 50 m, each
stake being numbered and lettered according to its position in
vertical and horizontal rows. Following rows of stakes insured a
uniform coverage of the whole area. Beginning in 1940, the size
of the breeding bird population was obtained by the standard
spot-mapping method (Williams, 1936; Kendeigh, 1944). I began to
supervise and participate in the field work at this time. Censuses
were taken yearly except for the breeding seasons of 1929-33
and 1938 (see Acknowledgments for participants).
The location of all birds observed on each trip was plotted on a
separate map of the woods. Greatest attention was given to sing-
ing males, but the location of females and nests was also recorded.
The routes which I took, usually with an assistant, follow the pat-
tern shown in Figure 2. Censuses usually started at 0700 or 0730
hours and required 3-4 hours. Care was taken with dense popula-
tions to check simultaneous presence of neighboring males before
mapping of additional birds. After nesting was over, a composite
map was made for each species, showing the location of birds on
all trips. These locations usually fell into groups which identified
territories and were easily counted. Where males were concen-
trated, territories were not distinguished unless adjacent birds
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Fig. 2. Usual routes of two observers taking a bird count in William Trelease
Woods. Stakes at 50-m intervals bear letters and numbers of horizontal and
vertical lines.
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had been simultaneously recorded on one or more dates. Each
territory was assumed to represent a nesting pair (Appendix 1).
Not all birds that were present were found on each trip. Single
counts do not usually record over two-thirds of the birds later
established to be present (Palmgren, 1930; Kendeigh, 1944;
Stewart et al, 1952; Enemar, 1959; Preston, 1979). Greatest
weight was placed on the number of territories established at the
height of the nesting period for the species. For most hole-nesting
species this was mid-April through May; for migrant species,
the main nesting period was June; a few species delayed nesting
until July and August. Some species raised two or more broods,
but usually fewer nesting pairs were present during later months.
This procedure followed closely that recommended by the Inter-
national Bird Census Committee (Robbins, 1970).
The accuracy of the population estimates depends partly on
the number of counts taken and their distribution through the
nesting season. In 1941, a minimum of two counts each in April
and May, three or four in June, one or two in July, and one in
August was set, although this was not always attained. I made
all the composite territory maps so that there was uniformity in
interpretation of the data from year to year. Based on the fre-
quency and distribution of counts, the censuses in 1939, 1945,
and 1947 are evaluated as poor, although the species present
and population levels measured appeared normal; those in 1927,
1928, 1936, 1937, 1940, and 1946 are rated as fair, while the
rest are considered good.
The accuracy of the censuses varied with the species (Stewart
et al., 1952). The counts for the less numerous species were
probably total. With the more abundant species, it was not always
possible to know whether scattered dates on composite maps
represented one or more territories. The tendency was probably
to underestimate rather than overestimate densities (Best, 1975).
Blue jays were difficult to count because they appeared often to
leave their territories. Starlings were most difficult of all, as their
territories were only small areas around the nest. The density of
this species was based on the number of tree sites on which birds
were observed calling or perching. Although the spot-mapping
method of censusing is subject to various shortcomings, it is the
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most practical procedure available (Enemar, 1962; Slagsvold, 1973;
Svensson, 1974; Berthold, 1976; Robbins, 1978).
The spot-mapping procedure does not necessarily measure the
total number of birds that nest in an area during the season or
insure that those present are actually nesting. This is shown by
my studies with the house wren (Kendeigh, 1944) where all nests
were located and all birds banded. The identity of individuals on a
territory often changed during the season, especially between
broods. Some males and females left the area by the end of the
first nesting period, or earlier if their nesting attempt failed.
Other birds appeared for the first time during the second nesting
period. Some males with territories never secured mates. Other
studies have shown that birds may be present that never attempt
nesting during the season. This possible non-breeding population
was not measured. I make no claim, therefore, for the complete
accuracy of the yearly estimates of breeding populations at
William Trelease Woods, but because the censuses were conducted
in a nearly similar manner every year they are comparable, and
major fluctuations in population size from year to year should
have meaning.
Cruising for Wintering and Transient Birds
Blake (1926) states that in his winter census of William Trelease
Woods in 1924-25, he covered the entire woods "at least weekly
and frequently oftener." The winter bird counts of A. S. Hyde
from 1926-27 to 1929-30 were less frequent. Twomey (1945)
made two counts per week during the winters of 1933-34 to
1935-36 and more frequent counts during the migration periods.
He gives a diagram of the way he cruised the woods. No counts
were made in the winters of 1925-26, 1930-31 to 1932-33, and
1936-37. Since 1941, the routes which my assistant and I took
followed the pattern shown in Figure 2. Two counts were ordi-
narily made each in December, January, and February, but the
total number varied from four to seven. The counts were taken
in the early morning and required 2-2.5 hours. Considerable
dependence was placed on locating birds by their calls or songs.
The place where each bird was found was marked on a map of
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the woods, so that duplication of the same individual in counts
was minimized, although difficulty was experienced with some
conspicuous and wandering species, such as the blue jay. Individ-
ual birds or flocks of birds wandered from day to day throughout
the woods, and some would leave for days or weeks at a time to
feed in surrounding wooded areas and farmlands. The density
index used was simply the mean number of birds observed per
count (Appendix 2).
Transients during the migration periods were counted in the
same manner as wintering birds, and populations indicate only
the number observed on particular dates. Since migrant birds
remained for only short periods, a few hours or a few days, I
have no idea as to the total number of individuals that passed
through the woods.
Christmas Bird Counts
Christmas bird counts were taken annually, beginning in 1941,
in late December, by members of the Champaign County Audubon
Society under my general direction. The correct interpretation of
these counts involves many difficulties (Raynor, 1975). To reduce
these difficulties and to make the counts comparable from year
to year, the same areas, with some slight variation, were visited
at the same time of day each year. The count began about 0800
hrs and terminated about 1630 hrs, with an hour out for lunch.
The area covered extended from the Sangamon River valley near
White Heath to Lake-of-the-Woods on the north, Brownfield and
Trelease Woods on the east, and University South Farms and pine
plantation on the south, about 450 km 2 (Fig. 1).
The data for each year were analyzed in terms of number of
birds observed per party-day. A party-day consisted of 4.8 ±1.0
hours (X ± SD) on foot covering approximately 9.7 km and
about 2.5 hours in roadside observations by car covering about
5 5 km. Approximately 40% of effective censusing was in forest,
30% in forest edge and shrubby fields, 28% in farmland and along
roadsides, and 2% over water. These percentages do not represent
existing proportions of these habitats in the region. Farmland is
heavily predominant.
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The size of parties increased through the years but averaged 3.9
observers. The number of party-days involved in a count increased
from about 2 in the early years to 6 in the later. With more party-
days, there was more complete coverage of the area. Minor varia-
tions in the number of observers from year to year were largely
compensated for by varying the size of parties. I can find no evi-
dence that weather on the day of censusing significantly affected
general trends in population size. One should exercise caution in
interpreting the data, however, because the Christmas bird counts
are for only one day early in the winter and are unlikely to repre-
sent average populations for the entire winter, as do the winter
counts at William Trelease Woods.
5. The Avifauna of William Trelease Woods
The species composition and average population sizes of breeding
birds are given for two years near the beginning and two years
near the end of the period of study, since they were years of
most extensive observations by Twomey (1945) and myself
(Table 1).
The avifauna was both more varied and more numerous in the
later period. Previous to 1952, the largest number of species
recorded breeding in any year was 27; beyond this year there
were never less than 28 species, generally over 30, with the largest
number (38) in 1953 (Appendix 1). The total number of species
of land birds recorded was 61 and the average number over 42
years, 28. One species of water bird, the great blue heron (Ardea
herodias), started to build a nest near the pond on the east side of
the woods in April 1958, but then left the area. It is not included
in the statistics for the woods. Populations began to go consis-
tently over 100 pairs per year in 1941, over 200 in 1959, and to
drop below 200 again in 1967. Over the entire period, they
averaged 165 pairs.
The woods avifauna has been divided into four categories cor-
responding to the biotope (biotic community and physical habitat
combined) in which each species is found most characteristically.
Forest-edge species (FE) are largely confined to the forest edge,
mixtures of trees, shrubs, and grasses, or if they nest in the forest,
do practically all of their feeding outside the forest (Johnston,
1947). Open-forest species (OF) are wide ranging, occurring along
forest edges, openings in dense forest (e.g., treefalls), and in open
woods. Closed-forest species (CF), a term suggested by C. S.
Robbins (personal communication), spend most of their time in
and under the forest canopy, and forest-interior species (FI) are
16
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largely limited to extensive tracts of forest (see p. 66). The num-
ber of species in each of the first three categories at William Tre-
lease Woods is approximately equal, with OF species having the
most numerous pairs. The greater abundance of birds in 1974-75
compared with 1934-3 5 was owing to quadrupling of the number
of forest-edge birds and to more than doubling of the open-forest
birds. Why these changes in the biotope categories occurred will
be brought out later in this monograph.
ble 1. Breeding pairs (excluding the brown-headed cowbird) in William Trelease Woods
fore and after a 40-year interval
Status
1 Biotope' 1934-35 1974-75
0.5
0.5
0.5
1.0 6.0
1.5 3.5
0.5
1.0
1.0
1.0 10.5
4.0
3.0 5.0
1.0 1.0
4.5 4.0
4.5 3.0
3.5 5.0
15.0
3.5 +
3
0.5
4.5
0.5 0.5
3.5 11.0
1.0
1.0 0.5
1.0 1.5
17.5
3.0 2.5
9.0 62.5
oper's hawk SR
d-tailed hawk PR
nerican woodcock SR
mrning dove SR
llow43illed cuckoo SR
eat-horned owl PR
rred owl PR
by-throated hummingbird SR
mmon flicker PR
d-bellied woodpecker PR
d-headed woodpecker PR
iry woodpecker PR
iwny woodpecker PR
eat crested flycatcher SR
stern wood pewee SR
iejay PR
mmon crow PR
rolina chickadee PR
fted titmouse PR
lite-breasted nuthatch PR
iuse wren SR
rolina wren PR
ay catbird SR
3wn thrasher SR
lerican robin SR
>od thrush SR
irling PR
OF
FE
OF
OF
OF
CF
CF
OF
OF
CF
OF
CF
CF
CF
CF
OF
FE
OF
CF
CF
OF
CF
FE
FE
OF
CF
FE
Bird Populations in East Central Illinois
Table 1. (continued)
Species Status 1 Biotope 2 1934-35 1974-75
Red-eyed vireo SR CF 6.0 4.5
Common yellowthroat SR FE 1.5 3.5
Northern oriole SR FE 1.0
Brown-headed cowbird SR ( + ) ( + )
Scarlet tanager SR FI 0.5
Cardinal PR OF 3.0 6.0
Rose-breasted grosbeak SR OF 0.5
Indigo bunting SR OF 21.5 8.0
American goldfinch SR FE 1.0 1.5
Rufous-sided towhee SR FE 1.5
Field sparrow SR FE 1.0 4.5
Song sparrow PR FE 1.0 0.5
Total species (excluding brown-headed cowbird):
FE 8 11
OF 9 12
CF 9 10
FI 1
Combined 26 34
Total pairs: FE 19.0 77.5
OF 36.0 84.0
CF 28.5 26.0
FI 0.5
Combined 83.5 188.0
SR, summer resident; PR, permanent resident.
FE, forest edge; OF, open forest; CF, closed forest; FI, forest interior.
+ = Present, but nesting density too low to measure.
The wintering population included all the permanent residents,
occasional summer residents such as the mourning dove and Amer-
ican robin, and winter visitors from the north. Winter visitors
regularly included brown creeper, winter wren, dark-eyed junco,
and tree sparrow. The ring-necked pheasant, a permanent resident
in the region, commonly roosted in the woods in the winter but
did not nest there. Flocks of juncos wandered throughout the
woods but, along with flocks of tree sparrows, were more common
on the forest edge. The total number of species recorded during
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the 48 winters was 48, with an average of 20 species per year
(Appendix 2). As with breeding birds, there were generally fewer
than 20 species per year before the winters of 1949-50 to 1952-53
and more than 20 afterwards. The number of individual birds
overwintering averaged 101, but was generally more than this
number from 1953-54 through 1966-67, and less than this num-
ber both before and after this period.
The most common transients were several species of wood
warblers, sparrows, thrushes, and blackbirds, two species of
kinglets, and the yellow-bellied sapsucker.
6. The Yearly Cycle
In order to show how bird populations varied monthly throughout
the year, bird counts were made from December 1973 through
February 1975 at intervals of about two weeks during the autumn
and winter and of seven to ten days during spring migration.
These are combined with the breeding bird census of 1974 in
Figure 3.
Populations of permanent resident species (Table 1, PR) were
lower during the winter months than during the nesting season as
birds dispersed into the surrounding farmlands. The starling is a
permanent resident in the region but largely deserted the woods
after nesting was over, except for clear sunny days in the winter
when individuals or small flocks were observed at potential nest-
sites. It is shown separately because of its large numbers.
The main influx of summer residents (Table 1, SR) occurred
during April and May and the main exodus in August and Sep-
tember. The nesting population became well established by mid
May or early June and remained fairly stable through July. Num-
bers did not increase as young birds left the nest. It appeared that
both adults and young dispersed quickly out of the woods and
presumably began their autumn migration. Such an exodus of
birds in late summer was also observed by Williams (1936) for a
deciduous forest tract in northern Ohio, by Stewart et al. (1952)
at the Patuxent Research Refuge in Maryland, and by Holmes and
Sturges (1975) at the Hubbard Brook Experimental Forest in New
Hampshire.
The number of winter visitors was largest in February and
March as birds wintering farther south passed through on their
way northward and again in October and November as they re-
turned southward.
20
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Fig. 3. Variations in mean number of birds per month in William Trelease
Woods from December 1973 through February 1975. The data for 1934-35
are averages for two years (Twomey, 1945). PR, permanent residents; SR,
summer residents; WV, winter visitors; T, transients.
Among the transients other than blackbirds, sparrows attained
peak numbers a little earlier (late April and early May) than wood
warblers (mid May) in the spring and significantly later in the
autumn (October, compared with late August and September).
The earliest and latest migrants in the woods were blackbirds.
Large flocks of common grackles, red-winged blackbirds, rusty
blackbirds, brown-headed cowbirds, and, in recent years, Brewer's
blackbirds occurred in the woods in early spring and late autumn.
The common grackle persisted in the woods in small numbers
during late spring and early summer and increased somewhat in
numbers in late summer. It did not nest in the woods but did
some feeding and roosting there. The cowbird remained common
in the woods through June and did at least part of its feeding
there. The red-winged blackbird nested in surrounding fields and
sang from trees at the forest edge. Twomey (1945) did not men-
tion the occurrence of these large transient flocks of blackbirds
in the woods for the years 1934 and 1935, and no observations
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Fig. 4. Variation in approximate number of invertebrates per square meter
during the course of 38 years in William Trelease Woods. Invertebrates in or
on tree trunks were not censused. All other forms were largely restricted to
the ground litter and soil from December through March, but occurred also in
the herb, shrub, and tree foliage during the rest of the year. Counts were
made weekly from April through October—and less frequently during the
winter— of 0. 1-m 2 ground samples and 48 sweeps with an insect net separately
through herb, shrub, and lower tree strata (Kendeigh, 1979).
of them are reported from the 1940s. A large flock of approx-
imately 2,000 common grackles was recorded on 28 March 1953.
Systematic counts during other than breeding and winter months
are generally lacking for the intervening years. It appears, however,
that the stopping here of these species in such large numbers is
a fairly recent development.
When blackbirds are included, peak populations of all species
came in April and November. Excluding blackbirds, peak popula-
tions occurred in May and October. Total populations given by
Twomey (1945) for 1934-3 5 are in round numbers only. Large
flocks of transient sparrows in April and October helped to estab-
lish his population peaks. Spring populations, other than blackbirds,
were higher than autumn populations. This was true also for
Funk Forest (Calef, 1953), and in a hardwood forest in northern
Ohio (Williams, 1936) if the large flocks of migrating robins that
occurred there in the autumn are excluded. Lower peak popula-
tions in autumn are explained by summer residents' having dis-
persed elsewhere, by the more leisurely southward movements
of the transients over a longer period, and perhaps also by the
greater difficulty in censusing non-singing, less conspicuous birds.
In the Patuxent Research Refuge in Maryland, Stewart et al.
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(1952) found the highest number of species in the spring but the
highest number of individuals in the autumn.
Birds depend considerably on animal food during the months
when it is available. Monthly fluctuations in the invertebrate
populations in William Trelease Woods (Fig. 4) agree well with
fluctuations in bird populations, an increase beginning in March,
peak numbers in May and again in September and October, a
leveling out over the summer months, and a decline to lowest
numbers during the winter. Many overwintering bird species are
largely granivorous.
7. Fluctuations from Year to Year
Fluctuations in size of bird populations at William Trelease Woods
were measured over a span of 50 years (Appendix 1, 2). Causes of
these fluctuations were often difficult to ascertain, but correlations
with weather, food supplies, changes in the vegetation, competition
between species, and the occurrence of predators will be made and
quantified whenever possible.
Weather
Mean monthly temperature during the principal breeding season
(April, May, June) varied only about 5° C between extremes
(Fig. 5). Mean temperature during the coldest month of the winter
was below 0°C in all but three years and varied 12°C between
extremes. Very low temperatures lasting only a day or two may
sometimes cause considerable mortality, especially when the
procurement of food is difficult. Since many birds feed on the
ground, the amount and duration of snowfall are critical. Occa-
sional winters had nearly 50 cm of snow in one month.
Food
Weekly population measures (less frequently over winter) of
insects, spiders, other arthropods, and mollusks in William Trelease
Woods (Kendeigh, 1979) showed a conspicuous surge in the size of
these populations over the decade beginning in the early 1940s
(Fig. 6).
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Vegetation
Important for interpretation of fluctuations in bird populations
from year to year is the time sequence in the destruction of elm
trees that took place throughout the region. Within the city limits
of Champaign-Urbana, the first mortality of trees was observed in
1944, when the American elm became infected with a mycoplasm-
like organism that is spread by a leafhopper (Scaphoideus luteolus
Van D.). This produces a phloem necrosis. Dutch elm disesase,
caused by a fungus (Ceratocystis ulmi (Buism.) C.) and carried
by a native bark bettle {Hylurgopinus rufipes Eichh.) and a Euro-
pean bark beetle (Scolytus multistriatus Marsh.) began to kill
trees in 1951. All native elm species may be infected with the
disease, but the American elm is most susceptible. Both diseases
spread rapidly during the 1950s (Fig. 7). By 1961, more than 99%
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Fig. 7. Cumulative percentages of the original elm tree population in Urbana-
Champaign lost through diseases (Carter and Carter, 1974).
of all elm trees were dead (Carter and Carter, 1974). In William
Trelease Woods, scattered dead elm trees were first noticed in
1953, they became very conspicuous in 1954, and it was evident
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in 1955 that the American elm tree population in the woods was
doomed. Dead trees remained standing for several years; their
bark peeled off, and they eventually fell. Their death opened up
the forest canopy considerably, as they had covered 25% of the
area. The forest canopy began to close again in the late 1960s
but had not been completely restored by the end of the study
period in 1976.
Hawks, Falcons
The Cooper's hawk (OF) nested in William Trelease Woods 11
times in the 17 years between 1927 and 1949 and then disap-
peared. It was generally absent from the region from early January
to mid March. The red-tailed hawk (FE), a permanent resident,
appeared in the woods in 1956 and nested during 10 of the follow-
ing 20 years. The American kestrel (FE), a partial migrant, appeared
only during some years when neither of the other two species was
present.
Graber and Golden's (1960) analysis of Christmas bird counts
for 22 localities in central Illinois between 1903 and 1955 showed
major peaks in numbers of wintering red-tailed hawks from 1930
to 1933. Our Christmas bird counts in east central Illinois included
7-11 birds in 1945, 1947, 1950-51, and 1960-61 but smaller
numbers in other years. In general, populations of red-tailed,
red-shouldered, rough -legged, and marsh hawks and American
kestrels were fairly well maintained until the early 1960s. Since
then, numbers have declined, as they have in other states (Brown,
1971 ; Temple and Temple, 1976).
Bobwhite, Ring-necked Pheasant
The bobwhite (FE) and ring-necked pheasant (G) were present
on surrounding farms but did not nest at the woods. They were
observed more frequently along the forest edge during the winter
and at times the pheasant sought shelter throughout the woods.
Christmas counts indicated greater numbers of bobwhite in the
region before 1955 than later when the ring-necked pheasant
became more numerous. There was a peak in numbers of the
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pheasant in east central Illinois and throughout the state in 1963.
Preno and Labisky (1971) attribute the general decline after 1963
to a decrease in acreage of hay fields and increases in corn and
soybeans.
Owls
The barred owl (CF) disappeared as a breeding bird in the woods
after 1939 and the great horned owl (CF) first made its appear-
ance in 1949, after which it was recorded almost every year.
The screech owl (OF) may well have been present more frequently
than recorded, as this species is easily overlooked in daytime
censusing. The long-eared and saw-whet owls were caught in mist
nets being used in another project.
Mourning Dove
The mourning dove (OF) nested only occasionally in the woods
until 1953 but then increased rapidly to a peak of 17 pairs in
1959, after which it declined (Fig. 8). This corresponded to
changes in the forest canopy with the death of elm trees. Graber
and Graber (1963) reported populations in central Illinois to be
about the same in 1957-58 as in 1907-9, but apparently there was
a decline in numbers over the state in 1960 to a level about which
it fluctuated during the next decade (Preno and Labisky, 1971).
Cuckoos
The yellow-billed cuckoo (OF) fluctuated in the woods between
zero and six pairs throughout the half-century (Fig. 8). The black-
billed cuckoo (FE) was rare.
Woodpeckers
Five species of woodpeckers occurred in William Trelease Woods
throughout the year, each occupying a slightly different feeding
and nesting niche (Lawrence, 1967; Willson, 1970; Reller, 1972;
Williams, 1975; Williams and Batzli, 1979a, b). Populations varied
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between summer and winter (Table 2). For the period before
onset of the elm diseases, 1927-50, the overwintering population
of the common flicker (OF), a partial migrant, was higher than
during the summer. The population of red-bellied woodpeckers
(CF) was about the same winter and summer, which means that
only sufficient young birds remained in the woods to replace the
mortality and dispersal of adults. The red-headed woodpecker
(OF) was an irregular migrant, overwintering in large numbers
some years, scarce or absent in others. There was dispersal of hairy
and downy woodpeckers (CF) out of the woods in the winter.
With dying of elm trees in the 1950s, both nesting and over-
wintering population of all species increased except for the hairy
woodpecker in the summer and perhaps the common flicker in
the winter (Table 2). These increases were widespread in east
central Illinois since they appeared also in the Christmas bird
counts. Increases were greatest in the red-headed woodpecker.
Peak populations were reached in different years in different
species.
Increase in numbers of woodpeckers was probably a response to
more insect food as the trees rotted and to abundant possibilities
for excavating nesting and roosting cavities. The common flicker
feeds mainly on ground insects, particularly ants, so its lack of
significant increase in numbers overwintering is understandable.
Since elm mortality was widespread through the region and state,
the increase in woodpecker populations doubtless resulted from
increased reproduction rather than from attraction of birds from
elsewhere as sometimes occurs (Yeager, 1955).
Winter populations of red-headed woodpeckers fluctuated
extensively, with peaks coming usually at intervals of two or
three years. These peaks are better shown in the Christmas bird
counts (Fig. 9). The species stores oak acorns for overwinter
use (Williams and Batzli, 1979a). Quantitative collections of fallen
acorns in a square-meter trap under a single bur oak at the south
edge of William Trelease Woods indicated good crops in 1956,
1959, 1965, 1968, 1970, and 1971, but poor crops in the inter-
vening years. In Robert Allerton Park there was a relatively poor
acorn crop from white oak trees in 1973 and an abundant crop in
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1974 (Johnson, 1975). These peaks and troughs agree well with
fluctuations in the red-headed woodpecker population, except
for 1963.
Three-year moving averages were plotted (Fig. 10) to evaluate
the possibility that competition between species may have caused
peak populations to occur at different times. The starling was
included because it competes with woodpeckers for nest cavities,
usually successfully (Lohrl, 1956; Kilham, 1958; Troetschler,
1976). Populations of common flicker and downy and red-bellied
woodpeckers were all on the increase by 1953 or 1954. The red-
bellied woodpecker reached a peak in 1956, and the downy
woodpecker maintained relatively large numbers from 1955
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Fig. 10. Three-year moving averages of breeding populations of four species
of woodpeckers and the starling in William Trelease Woods.
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through 1960, after which it declined rapidly. Red-headed wood-
peckers did not begin to increase until 1955 and the starling until
1957. The rapid and very large increases in these latter two species
may have led to the decline of red-bellied and downy woodpeckers.
The red-headed woodpecker is especially aggressive against these
two species, sometimes forcing red-bellied woodpeckers to leave an
area and restricting downy woodpeckers to foraging in the lower
part of the tree canopy (Williams and Batzli, 1979a, b). Likewise,
the red-headed woodpecker is more resistant to attacks by starlings
than are other species of woodpeckers (Kilham, 1958). But the
population rise of the red-headed woodpecker was interrupted
between 1959 and 1961 when starlings were at peak numbers, and
the rapid rise in numbers of red-headed woodpeckers from 1961
to 1964 coincided with a sharp decline of starlings. The decline in
numbers of starling, red-headed woodpecker, and common flicker
after 1965 was probably caused by falling of dead elm trees.
Troetschler (1976) calculated general trend lines (5 -degree poly-
nomial regressions using least squares fit) for populations of red-
headed woodpeckers, common flickers, and starlings at William
Trelease Woods and concluded that the presence of starlings seemed
not to have caused a decrease in the numbers of the two wood-
peckers. However, much is lost when fluctuations are smoothed
over sequences of several years. Likewise, neither Troetschler's
analysis nor ours shows how much greater the populations of
woodpeckers would have been, had the starling not been present.
Flycatchers
The great crested flycatcher (CF), in contrast to the eastern wood
pewee (CF), maintained a fairly constant population through the
years (Fig. 11). The two species were about equally abundant until
the late 1940s, but then the wood pewee doubled its numbers by
the mid 1950s. There followed a fluctuating but progressive decline
until populations were reached in the 1970s similar to those in the
1940s. The surge in the population of the wood pewee preceded
the disruption of the forest canopy with the death of elm trees by
about ten years, and, in fact, the population was declining when
the canopy disruption was at its maximum. This evidence does not
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indicate a preference of the species for open forests or treefalls as
suggested by Hespenheide (1971). The population rise and decline,
however, may have been influenced by the fluctuation of inverte-
brate populations (Fig. 6), if a lag in response of three to five years
is allowed. I do not know why the great crested flycatcher did not
respond similarly and can only suggest that the insect species on
which it feeds did not experience an increase.
The Acadian flycatcher (FI) was seen only occasionally in the
woods and the eastern kingbird (FE) only once. All the flycatchers
are migratory.
Blue Jay, Common Crow
The blue jay (OF) nested only infrequently in the woods until the
canopy was disrupted in the 1950s (Fig. 12). Its numbers then in-
creased dramatically, and it became one of the more common
nesting species, this despite the later closing of the canopy. The
increases in breeding and wintering populations may have been
simply a local phenomenon, because the Christmas bird counts do
not show any similar changes in winter abundance. Increases or
peaks in abundance during the winter in both woods and region
coincided with five of the seven years of high acorn production
(p. 31). Mast is commonly used as food during this season.
The common crow (FE) nested regularly in the woods to 1952,
with peak numbers from 1943 through 1947. The steady decline
thereafter was correlated with the appearance of the great horned
owl. Crows were frequently observed "mobbing" the owl during
the daytime.
Chickadees, Tufted Titmouse, Nuthatches
Blake (1926) listed the black-capped chickadee (OF) as present in
the winter of 1924-25, A. S. Hyde in 1927-28; and A. C.Twomey's
original records show black-capped chickadees in the woods in 1933-
34. The only chickadee that I have heard singing in the woods
since the winter of 1951-52 has been the Carolina chickadee. There
is no record of chickadees in the woods during the interim. There
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has been a general decline in numbers of black-capped chickadees
in the Christmas bird counts since 1963.
The tufted titmouse (CF) was a common breeding and overwin-
tering species in the woods until the early 1960s (Fig. 13). It dis-
appeared as a nesting species in 1966 and was seen only sporadi-
cally during the winter until it also disappeared during the winter
of 1970. There has been a general decline over the region since the
early 1950s.
The white-breasted nuthatch (CF) was recorded in William Tre-
lease Woods more frequently in the winter than in the nesting sea-
son. Christmas bird counts indicate a general decline in the region
since 1966. The red-breasted nuthatch was recorded in the woods
during only two winters.
The cause of declines in these three species is not known, but
since all are hole-nesters, there may have been harassment from the
increased numbers of starlings and woodpeckers. The white-breasted
nuthatch and tufted titmouse also come into conflict with red-
headed woodpeckers in the winter for stored mast supplies (Kil-
ham, 1958; Williams and Batzli, 1979a).
Brown Creeper, Kinglets
The brown creeper occurred fairly regularly in William Trelease
Woods during the winter and the golden-crowned kinglet less fre-
quently. As shown by the Christmas bird counts, there was a re-
gional irruption of the golden-crowned kinglet in the winter of
1948-49, but this did not include William Trelease Woods. The
ruby-crowned kinglet was recorded four times in the Christmas
bird counts (1954, 1972, 1973, 1976).
Wrens
The Carolina wren (CF) occurred in William Trelease Woods as a
permanent resident (Fig. 32), the winter wren as a sporadic winter
visitor, and the house wren (OF) as a regular summer resident.
House wrens were scarce in the woods during the early years
(Fig. 14) but became the most abundant species in all but three
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of the 16 years from 1942 to 1957 (for a map of house wren ter-
ritories in 1942 see Kendeigh 1944: 92). These large populations
began before and extended beyond the increase in invertebrate
populations (Fig. 6) and cannot be correlated with the death of
elm trees, or with June temperatures, or June and July precipi-
tation.
The species, however, is sensitive to drops in temperature below
zero during the winter (Kendeigh, 1934), and low temperatures
could also have affected their arthropod food supply. To deter-
mine the relation between winter temperatures and population
size, mean temperatures during the coldest month each year were
averaged for five localities in the wren's wintering range: Tampa
and Jacksonville in Florida, Savannah in Georgia, and Montgomery
and Mobile in Alabama. The peak population of 1949 coincided
with the highest temperature during the preceding winter for any
year between 1933 and 1976 (Fig. 14). Lesser peaks in 1943 and
1957, but not in 1955, correlated with peaks in temperature. The
wren population, however, did not respond to the warm winter of
1952. The extremely cold winters of 1940 and 1958 coincided
with low nesting populations the following summers. Likewise,
declining populations from 1960 to 1971 correlated with winter
temperatures persisting below normal. Statistical analysis shows
that the correlation between breeding population and temperature
in the wintering range the preceding winter is highly significant
(P < 0.001), and the coefficient of determination (r2 = 0.54) indi-
cates that over half of the fluctuation in population size is accounted
for by the temperature factor. As a postscript, no house wrens
nested in William Trelease Woods in 1977, following a winter with
the lowest temperature (ave. 5.8°C) during the period of study.
Any correlation between fluctuations in the local breeding pop-
ulation and mean temperature over the extensive wintering range
must mean that fluctuations in population size of the house wren
at William Trelease Woods reflect to some extent fluctuations in
the species' population over its entire breeding range in eastern
United States. Evidence from Audubon Field Notes (now Ameri-
can Birds) indicates that populations were generally depressed in
1940 and 1958.
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Gray Catbird, Brown Thrasher
These forest-edge (FE) species were present almost every year since
the early 1950s, rising to peak numbers in 1968 and 1969 (Fig. 15).
Deterioration of the forest canopy allowed these birds to extend
their territories farther into the forest, but in nearly all instances
territories were observed to have at least one boundary on the
forest edge.
American Robin, Wood Thrush
The American robin (OF) was rarely found inside the woods until
the forest canopy began, to open in the early 1950s, but then con-
tinued to increase in abundance to a peak in 1974 despite reclosing
of the canopy (Fig. 16). In this latter year, only the starling was a
more abundant nesting species in the woods. The wood thrush
(CF) was present fairly regularly and was apparently unaffected by
changes in the forest canopy.
Starling
The first report of starlings (FE) in east central Illinois is for Feb-
ruary 1922 (Smith, 1922). Twomey's (1945) original notes indi-
cated their presence in William Trelease Woods during October and
November 1933, and he reported eight pairs nesting the next spring.
None was reported in 1927-28, so the species presumably invaded
the woods in the interval. It used the woods only for nesting, doing
all its feeding in the surrounding countryside.
Breeding populations increased abruptly in 1958, following a
winter when more than usual numbers came into the woods (Fig.
10). Since 1958 breeding populations have averaged three times
the size they were preceding that year, and winter populations
have also been higher. The increase was probably the result of dead
elm trees providing abundant natural cavities for nesting. The star-
ling also competes, often successfully, for cavities excavated by
woodpeckers.
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Red-eyed Vireo
The red-eyed vireo (CF) increased in numbers in the late 1940s,
lagging behind the increase in abundance of invertebrates by about
four years, and decreased after the population of invertebrates had
declined and as the forest canopy became disrupted (Fig. 17). Since
1960 its numbers have been comparable to those in the mid 1930s.
Common Yellowthroat
The common yellowthroat (FE) showed an increase in the late
1950s, along with other forest-edge species, and since then has
maintained populations averaging about double what they were
before 1950 (Fig. 17). The species was not recorded in 1927 and
1928.
House Sparrow
The invasion of a forest-edge species into the woods with the open-
ing of the canopy in the late 1950s and its virtual disappearance as
the canopy again became closed is probably best shown by the
house sparrow (FE) (Fig. 18). The house sparrow nested in cavities
in the dead elm trees and probably roosted in them during winter
nights.
Cardinal
Breeding populations of cardinals (OF) were significantly higher
after the break in the forest canopy than before. The average pop-
ulation (X ± SD) after 1955 was 5.4 ± 1.9 (n = 21) and earlier, 2.7
± 1.0 (w = 23).
Large numbers of cardinals overwintered in the woods in 1926
and 1927 and again in 1933 and 1934, but in later years fewer birds
wintered than nested there (Fig. 19). Large numbers of cardinals
were found in the Christmas bird counts in the early winter of 1 96 1
.
This correlates with a small peak in the nesting population of the
woods, but a larger peak of nesting birds in 1970 does not show in
the Christmas bird counts.
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Indigo Bunting, Rufous-sided Tovvhee, Field Sparrow
Populations of indigo buntings (OF) in William Trelease Woods are
larger than have been found elsewhere (C. S. Robbins, personal
communication). They nested in the shrub stratum in semi-open-
ings throughout the woods as well as along the forest edge (see ter-
ritory map for 1942 in Kendeigh 1944:91). Twomey (1945), in a
special study of this species, found 41 nests in 1934 and 1935.
During the 1940s and to 1951, the indigo bunting was second to
the house wren as the most abundant species in the woods (Fig. 20).
The peak population of 1950 followed a year after that of the
house wren (Fig. 14) and may have been in response to the high
population of insects and spiders prevailing at that time. The indi-
go bunting regularly feeds insects to its young, and when insects
are plentiful the adult birds also feed on them (Twomey, 1945).
Although preferring a semi-open biotope, its numbers declined for
some unknown reasons through the 1950s and 1960s when the
forest canopy was disturbed.
The rufous-sided towhee (FE) is a shrub and ground inhabitant,
although often singing from lower branches of trees. It did not
appear at the woods until the elm tree disaster and reached a peak
in 1959 (Fig. 20). Its presence has been irregular since 1960.
The field sparrow (FE) may nest and sing on the forest edge but
roams out into grassy fields for many of its activities. It increased
in abundance in the late 1950s (Fig. 20), but probably not in re-
sponse to the opening of the forest canopy, because the species
did not penetrate into the forest. Although absent in 1961 and
1962, the generally greater abundance of the species during the
last two decades probably resulted from the addition to the size
of the forest-edge area (pp. 5-6).
Northern Sparrows
The dark-eyed junco nests within the spruce-fir forest in the north,
while the tree sparrow nests at tree line where spruce-fir forest
contacts Arctic tundra. Peaks in overwintering populations of both
species, but more conspicuously in the tree sparrow, came at inter-
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vals of three or four, rarely two or five, years and often coincided
(Fig. 21). These intervals are the same duration as for the cycle of
lemming mice and other small mammals that occur in the Arctic
tundra (Kendeigh, 1974), which may indicate that some general
factor affected their reproductive success at intervals. However,
prevalence of these species during winter in east central Illinois
may also depend on the amount of snow cover, since heavy per-
sisting snow may induce these ground-feeding birds to migrate
farther south to pass the winter. High populations in each species
were present when snowfall was less than 10 cm and low popula-
tions when snowfall was more than 20 cm in the most severe month,
in 64% of the instances. The amount of snowfall in December may
be more important in determining overwintering populations than
that for January or February. Snowfall in December was high in
1942-45, 1950-51, 1960-63, 1967, 1969, and 1973-75. These
highs coincided with lows in the tree sparrow populations with the
single exception of 1961 and in the junco with the exception of
1944 and 1969. During intervening years with low snowfall, popu-
lations in both species were often high.
The white-crowned and white-throated sparrows also nest in the
north, the white-crowned sparrow at tree line. Both species were
recorded in the Christmas bird counts more frequently after 1955
than earlier (Fig. 22) but have not been found during the winter at
William Trelease Woods. It is of interest that the 1960 and 1964
and the 1972 and 1976 peaks of the white-crowned sparrow came
at four-year intervals. The peaks of 1960 and 1964 came a year
earlier than the corresponding peaks of the tree sparrow but the
1972 peak coincided. If there is a four-year "cycle" in this species,
the peak for 1968 was missed.
The fox sparrow, another northern species, was found only oc-
casionally (Fig. 23). A few swamp sparrows nest in the region, but
most of the winter birds probably came from the north. Numbers
have increased significantly in recent years (Fig. 23).
The song sparrow (FE) nested irregularly at William Trelease
Woods. There were influxes of birds in the winter and numbers
were especially high in the early 1960s and early 1970s at the
woods but not elsewhere in the region (Fig. 24).
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Fig. 22. Fluctuations in numbers of two northern sparrows (white-crowned
and white-throated) (Christmas bird counts).
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Fig. 23. Fluctuations in numbers of two northern sparrows (swamp and fox)
(Christmas bird counts). Numbers in parentheses are for swamp sparrows
overwintering in William Trelease Woods.
Total Bird Populations
Some of the differences between species in the manner in which
their populations fluctuated over the years are related to the bio-
topes occupied. Closed-forest (CF) and open-forest (OF) species
increased during the late 1940s (Fig. 25). Nothing in the weather
fluctuations of the region (Fig. 5) explains these rises in popula-
tion size, but this does not eliminate the possibility that weather
during migration or on the wintering grounds of migrant species
may have been involved. These increases, however, coincided with
the rise in the invertebrate food supply (Fig. 6), if allowance is
made for a lag of three or four years in the response of the bird
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populations. The decrease from 1950 to 1952 in OF species fol-
lowed by about two years the decrease in the invertebrate popu-
lations.
Decrease in CF species did not come until the late 1950s and
correlates more significantly with disruption of the forest canopy
caused by death of elm trees, which reached its maximum effect
(25%) during this period (Fig. 7). Open-forest species, however,
showed a steady increase from the early 1950s to at least 1960.
Forest-edge (FE) species, which appeared not to respond to the
increase in the invertebrate populations within the woods in the
late 1940s, exhibited a spectacular increase from 1956 to 1960.
With the closing again of the forest canopy in the 1960s, OF and
FE species declined in numbers but not to the levels present be-
fore the disturbance of the vegetation. Closed-forest species had
not shown any recovery of previous population levels by the end
of the study period.
Invasion, Extinction, and Turnover Rates
The composition of species nesting in William Trelease Woods, as
well as their population sizes, fluctuated appreciably from year to
year (Appendix 1). The presence of great horned and barred owls
and of Cooper's and red-tailed hawks depended on their use of out-
side areas for at least part of their feeding, and in some years they
nested elsewhere. Open-forest (OF) and forest-edge (FE) species
moved in and out of the woods. Even the CF species did not con-
tinuously saturate all favorable biotopes in east central Illinois, so
that the presence of the less common species in this small local
area was partly a matter of chance. William Trelease Woods is anal-
ogous to an ocean island surrounded by water, as it is isolated in a
large area of farmland, and on small islands individual species are
often unable to establish high enough population levels to avoid
extinction at times. The avifauna of an island is stable only when
invasion of new species equals the rate at which formerly estab-
lished species disappear, and both invasion and extinction rates are
generally higher than on mainland areas (MacArthur and Wilson,
1967).
Invasion and extinction rates were calculated for all species in
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William Trelease Woods and separately for the different biotope
categories for the periods before (1928-49), during (1950-64),
and after (1965-76) the period of greatest disturbance to the for-
est canopy (Table 3). An invasion was counted as occurring when
a species was present one year (even with "+" pairs) but not the
preceding year and an extinction when a species was absent after
being present the preceding year.
Considering the entire period, 1928-76, the avifauna at William
Trelease Woods is in near balance with an annual flux of about 3.0
species. The flux in FE species was greatest and in CF and FI spe-
cies the least. During the period of disturbance, 1950-64, invasion
rates exceeded extinction rates, especially for FE and OF species.
During the recovery period, 1965-76, the extinction rate for FE
species exceeded the invasion rate but OF species invaded faster
than they disappeared.
A better way of evaluating the degree of stability of species
composition is in their comparative percentage of turnover. The
higher the turnover rate, the lower the stability. Percentage annual
turnover may be calculated as one hundred times the sum of total
invasions and extinctions divided by two times the total number
of species (Diamond, 1969). Whitcomb et al. (1976) calculated the
average turnover rate for William Trelease Woods for the years
1934-75 as 13.6%, ranging between 5.3 and 27.3% for particular
years.
Table 3. Average yearly bird invasion and extinction rates (species per year) at William
Trelease Woods before, during, and after destruction of elm trees
Inclusive
time Invasion Extinction
intervals FE 1 OF CF FI Total FE OF CF FI Total
1928-49 0.64 1.14 0.43 0.57 2.79 0.86 1.14 0.71 0.14 2.86
1950-64 1.60 1.00 0.40 0.47 3.47 1.27 0.73 0.40 0.60 3.00
1965-76 1.17 0.33 0.83 0.50 2.83 1.33 0.33 0.92 0.50 3.08
1928-76 1.15 0.85 0.54 0.51 3.05 1.15 0.76 0.66 0.41 2.98
FE, forest-edge; OF, open-forest; CF, closed-forest; FI, forest-interior species.
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Table 4. Percentage of yearly turnover of bird species at William Trelease Woods
Inclusive
time intervals FE 1 OF CF FI Total
1928-49 13.8 16.2 7.5 62.5 13.6
1950-64 14.5 9.0 4.6 66.7 11.0
1965-76 15.8 3.6 9.8 85.7 11.1
1928-76 14.7 9.3 7.0 70.4 11.7
FE, forest-edge; OF, open-forest; CF, closed-forest; FI, forest-interior species.
My calculations show (Table 4) an average turnover rate of 11.7%
for the entire period, with CF species the most stable and FI species
highly unstable. Forest-interior (FI) species seldom persisted for
more than one year at a time, although one pair of Kentucky warb-
lers was present every year but one between 1949 and 1954. Espe-
cially notable in these statistics is the way OF species changed from
the least stable to the most stable element in the avifauna from the
first to the last period.
8. Intra-regional Variations in Forest Populations
The ten forested areas censused (pp. 3-9) were of different sizes,
with different amounts of contact with surrounding open country,
in different habitats, and located along different river systems (Figs.
1, 26, 27). Consequently there were differences in their avifaunas.
In order to compare populations in census areas of different
sizes, densities were converted to number of pairs per 40 ha (really
40.47 ha). Although convenient for statistical purposes, converted
values are not truly representative for areas of this size. As will be
shown below, number of species recorded commonly increases
with size of area censused. Correcting for this discrepancy presents
difficulties and was not undertaken. Calculating pairs/40 ha by a
multiple determined by the ratio of 40 ha to the number of hec-
tares censused is justified for OF, CF, and FI species but is inaccu-
rate for FE species. The length of forest edge in large tracts is pro-
portionately less than in small tracts of the same shape. In Tables
5,6, 10 that follow, population sizes have been adjusted by multi-
plying the number of pairs of FE species by the square root of the
multiple used for forest species. This adjustment was not made
where the census plot was a solid block of forest-edge vegetation
or when forest-edge vegetation was contained within the bounda-
ries of the plot.
Another consideration in comparing different populations is in
the number of years of censuses that have been combined. There
is value in knowing the mean population size over a period even
though a species may have zero population during some years. The
total number of species recorded over a period of time will almost
always be more than the number present during any one year. In
Tables 5, 6, 10, counts over two years averaged 2.7 more species
than the mean for those years, counts over three years averaged
57
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5.3 more species, over four years 8.2 more, over seven years 8.6
more, and for 42 years at William Trelease Woods, 33 more. Both
total and mean number of species are given in Table 10.
Effects of Size and Surrounding Contacts
The two smallest upland census areas averaged 8.2 ha and the two
largest, 24 ha (Table 5). According to Graber and Graber (1976),
with this difference in size and assuming similarity in biotope, there
should have been an increase in number of nesting species in the
larger tracts of 73%. For isolated tracts, Galli et al. (1976) provide
an equation that indicates the increase should have been 70%. Ac-
tually the increase in average annual number of nesting species was
only 27%. For floodplain areas, varying from 5 to 20 ha (Table 6),
there was no consistent increase, although Graber and Graber ( 1 976)
would have predicted an increase of 65%. Simberloff (1978) states
that island faunas of many kinds occurring in the same-sized areas
tend to have smaller numbers of species than do continental ones.
The entirely isolated William Trelease Woods had an average of 27
species, the partially isolated Funk Forest of the same size had 30
species, while the Robert Allerton upland tract of only about half
the size but part of a continuous forest of several hundred hectares
had 29 species.
Of greater importance, the isolation of areas affected the pro-
portion of species with different biotope preferences. In four years
at William Trelease Woods (Table 1), FE species constituted 36%
of the total populations, OF species 44%, CF species 20%, and FI
species +. In contrast, the upland area in Robert Allerton Park from
1949 to 1951 (3 years) contained FE species 1%, OF species 25%,
CF species 46%, and FI species 28%. Furthermore, the turnover
rate for all species at William Trelease Woods before the onset of
the elm diseases (Table 4) was 13.6%, compared with 9.7% at Rob-
ert Allerton Park. Bond's (1957) data for forest tracts in southern
Wisconsin show similar differences in biotope preferences. Seven
species that belonged to FE and OF biotopes decreased in frequency
of being recorded and 15 CF and FI species increased from Bond's
smallest plots (6-14 ha) to middle-sized plots (16-32 ha), but then
maintained essentially the same frequency in the largest plots (>32
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Table 6. Breeding bird populations (pairs/40 ha) in floodplain forests; adjusted populations
in parentheses (see text)
Robert Hart Salt
Allerton Park 2 White Memorial Fork
Biotope 1 1949-51 1963,67 Heath Woods Area
Size of area (ha) 10.1 10.1 20 5.1 6.2
Years record 3 2 1 4 1
Wood duck FE 1.3 (0.6) + 3 13 (5)
Mourning dove OF 4.5
Yellow-billed cuckoo OF 7.3 10.0 8 5.5 6
Barred owl CF + + 2
Ruby-throated hummingb ird OF 2.7 3.0 2 3
Common flicker OF + 11.0 20.2 23
Red-bellied woodpecker CF 10.0 18.0 6 8.5 19
Red-headed woodpecker OF 24.0 63.8 16
Hairy woodpecker CF 3.0 4.0 2 2.8 13
Downy woodpecker CF 13.3 8.0 10 10.5 23
Great crested flycatcher CF 8.7 21.0 10 21.3 13
Acadian flycatcher FI 10.7 12.0 4 23
Eastern wood pewee CF 20.7 21.0 12 11.3 19
Blue jay OF 9.7 6.0 + 14.2 13
Common crow FE + + 2(1)
Black-capped chickadee OF 10.0 10.0 10 5.5
Carolina chickadee OF 29
Tufted titmouse CF 15.3 18.0 4 22.8 26
White-breasted nuthatch CF 8.0 16.0 2 1.8 6
Brown creeper FI 3.0
House wren OF 8.0 16.7
Carolina wren CF 7.3 9.0 2 7.5 3
Gray catbird FE 7.0(3.5) 25.0(8.9)
Brown thrasher FE 1.3 (0.5)
American robin OF 9.0 6
Wood thrush CF 8.7 + 8 10.3 10
Eastern bluebird FE 2(1)
Blue-gray gnatcatcher FI 6.0 13
Starling FE 1.0(0.5) 32(12)
Yellow-throated vireo FI 0.7 6.0
Red-eyed vireo CF 6.7 24.0 12 14.0 13
Warbling vireo OF 26
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Table 6. (Continued)
Robert Hart Salt
Allerton Park
2 White Memorial Fork
Biotope 1 1949-51 1963,67 Heath Woods Area
Size of area (ha) 10.1 10.1 20 5.1 6.2
Years record 3 2 1 4 1
Prothonotary warbler FE 13.3 (6.7) 2(1) 13
Northern parula warbler FI + 13
Cerulean warbler FI 11.3 12.0 2 13
Yellow-throated warbler FE 4.0(2.0)
Louisiana waterthrush FI 1.3
Kentucky warbler FI 5.3 2.0 3.7 26
Common yellowthroat FE 4.0(2.0) 12.7(4.5) 6(2)
Yellow-breasted chat FE 3.0(1.5)
American redstart FI 58.7 35.0 12 32
Northern oriole FE 6(2)
Brown-headed cowbird ( + ) (+) ( + ) (+) (+)
Scarlet tanager FI 2.0 + 2 2.0
Cardinal OF 12.0 24.0 14 22.0
Rose-breasted grosbeak OF 22.7
Indigo bunting OF 22.3 36.0 12 28.0 13
American goldfinch FE 6(2)
Rufous-sided towhee FE 2.8 (1.0)
Song sparrow FE 3.8(1.4)
Totals (excluding brown-headi;d cowbird)
Species: to>tal 28 36 24 28 31
mean 24.7 33.0 4 21.3 —
Pairs 270+ 366 + 142+ 374 476
(263+) (356+) (138+) (345) (436)
FE, forest edge; OF, open forest; CF, closed forest; FI, forest interior.
The five censuses are separated into two groups, one before death of the elms and one afterward.
Present, but nesting density too low to measure.
Data for only one year.
ha). That changes of a different sort may also occur has been pointed
out by Forman et al. (1976), who showed that the proportion of
insectivorous to herbivorous and omnivorous species increased
as the size of areas increased.
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Except for the wood duck which is dependent on the river, all
new species at Robert Allerton Park not present in William Trelease
Woods are what Robbins (1979) calls "area-sensitive forest interior
species" in that they nest only in large tracts of forest. He estimates
that the Acadian flycatcher and Kentucky warbler require at least
30 ha to sustain breeding populations while other species may re-
quire 100 ha or more. Robbins also lists scarlet tanager, found in-
frequently in William Trelease Woods; black-and-white warbler
that occurs in the extensive forest along the Vermilion River; and
northern parula warbler, present in the floodplain forest at Robert
Allerton Park. The blue-gray gnatcatcher, cerulean warbler, and
summer tanager, not mentioned by Robbins, are listed by Webster
and Adams (1972) for old-growth deciduous forest of the Midwest.
The yellow-billed cuckoo, wood thrush, and red-eyed vireo, desig-
nated FI species by Robbins, were common in William Trelease
Woods and hence may more properly be called OF or CF species.
Several FI species were found intermittently through the years
at William Trelease Woods without establishing a stable population
there (Appendix 1). One or two FI species were recorded every
year from 1949 through 1956 during and immediately after the
surge in invertebrate populations there. Likewise, FI species were
recorded off and on throughout the successional progress on aban-
doned farmland at Robert Allerton Park (Appendix 4). These
doubtless represent a spillover from adjacent forest populations.
Effect of Habitat
Floodplain forests are frequently inundated at high water, often
for days at a time, so they present unfavorable habitat for ground-
nesting birds. Oxbows or sloughs may retain water until mid or
late summer. Of 39 species breeding in upland forests and 35 spe-
cies in floodplain forest, excluding FE species, 31 were found in
both communities (Table 5, 6). American woodcock, whip-poor-
will, black-and-white warbler, and ovenbird, ground-nesting species,
were restricted to upland forests. Prothonotary and yellow-throated
warblers are characteristically river-edge species, and the northern
parula warbler and warbling vireo are, in my experience, more often
found in bottomland forests. The brown creeper is a rare summer
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resident in Illinois (Kendeigh, 1970). The presence of several FE
species in both upland and floodplain was the result of disturbance
of the forest canopy by the elm diseases.
The annual number of breeding species (26) averaged the same
in the upland (n = 17) and floodplain forests (n = 10) in east cen-
tral Illinois. Average populations, however, tended to be larger in
floodplain forests (3 32 pairs/40 ha) than in upland forests (224
pairs). Graber and Graber (1976) found populations to be larger
on floodplains than in uplands throughout Illinois, and, based on
a broad survey of the literature, Udvardy (1957) indicates that
upland temperate deciduous forests commonly contain 100-300
pairs whereas mixed bottomland and floodplain forests have 300-
500 pairs/40 ha.
9. Successional Changes
A much larger percentage of east central Illinois is unforested than
is forested. The original prairie has been almost completely con-
verted to farmland; parts of the region have been strip-mined for
coal; urban areas, parks, country homes, railroad and highway way-
lands, and industrial sites present a variety of environments occu-
pied by different bird communities. All these situations represent
stages in succession from bare ground to climax forest that are held
in check only by man's activities. Knowing how the succession
would proceed, stage by stage, will help us to orient the various
bird communities to each other and to explain why species are
distributed as they are.
Succession of bird communities has been commonly inferred by
comparing avifaunas in different types of vegetation of known serai
sequence, such as my study in northern Michigan (Kendeigh, 1948)
and those of Odum (1950), Haapanen (1965, 1966), Ferry and
Frochot (1970), and Gtowacinski and Weiner (1977). Three such
studies in "old fields" in North America, with which I am here
concerned, are those of Johnston and Odum (1956), Shugart and
James (1973), and Speirs and Orenstein (1975). The present study
differs from those cited, in that changes in bird populations were
followed on the same area over a period of 26 years correlated with
the succession of vegetation. But this study, carried out at Robert
Allerton Park, was started several years after succession began, so
that the early sequence of bird communities had to be sought
elsewhere.
68
Successional Changes 69
Early Years in the Succession
Plant succession begins quickly on the fertile farmland of east cen-
tral Illinois, once farming operations cease. We need to examine
first, however, bird populations on the farms themselves. Miller
(1955) measured bird populations on 389 ha of active farmland
in 1949. The area was located approximately 2.3 km southeast of
Urbana. Species were identified with the kind of crop or field in
which they nested, although they often foraged more widely. The
variety of species and their populations were few and small except
in bluegrass pastures (Table 7). On a plot in the Phillips Tract north-
east of Urbana (Frontispiece), covered partly by bluegrass and
partly by alfalfa, the eastern meadowlark was less numerous in
1969-70 than in the bluegrass pasture censused by Miller, but there
were three new species (Willson, 1974). A bluegrass area in Robert
Allerton Park (Fig. 27:5 in part) contained all species except the
red-winged blackbird found in the other bluegrass areas, and had
an additional species (Allison, 1947).
Graber and Graber (1963) showed, in respect to breeding birds
on farmland, that during approximately the first half of the pres-
ent century, red-winged blackbirds spread in large numbers from
marshes into upland grassy fields, horned larks increased consider-
ably because of the greater prevalence of bare ground in fields,
while FE species decreased with the practice of "clean farming"
or cultivating close to fences.
Black (1937) made a few winter bird counts on open farmland
in Champaign County in 1935-36; the most numerous species were
the Lapland longspur, tree sparrow, dark-eyed junco, horned lark,
and common crow, in that order. In our Christmas bird counts,
the Lapland longspur was quite numerous in 1956 and 1966 but
scarce during other years. The horned lark was exceptionally nu-
merous in 1956, 1961, 1966, 1968-69, and 1972-74.
Annuals and biennials commonly predominate after the cultiva-
tion of row crops or small grains ceases. Willson (1974) censused
birds on 12 ha of fallow fields on the Phillips Tract for the first
two years after cultivation stopped (Table 8). The birds found
were all grassland species except for the common yellowthroat
(FE) and all occur also on farmland. Karr (1968) censused several
areas in and near Kickapoo State Park in the eastern part of our
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region (Fig. 1). One area had been strip-mined three years previ-
ously. The soil was sterile, with only some 8% of the ground cov-
ered with forbs and grasses, but there were a few small trees not
more than two years old. Shrubs and trees commonly invade fallow
fields almost immediately, although shrubs do not become promi-
nent for 5 years and trees not for 15 to 20 years (Beckwith, 1954).
The occurrence here of the song sparrow represents the appearance
of another FE species. Five of the nine species occurring in the fal-
low fields of Illinois also occurred during the first years after res-
toration of strip-mined areas in West Virginia. Of the six species
occurring there, only the savannah sparrow (Passerculus sandwich-
ensis) was not found in our areas (Whitmore, 1980).
A restored prairie tract at Robert Allerton Park (Fig. 26, 27:5),
overlapping the bluegrass area studied by Allison (Table 5), was
censused in 1967 and 1968 by Willson (1974). The area had been
disturbed by the introduction of prairie grasses (Andropogon, Pan-
icum, Sorghastrum) and succession retarded by controlled burning,
but clumps of Prunus and brier thickets were present. The census
is of interest in showing decreased populations of grassland species
and increased abundance of FE species, notably the field sparrow.
An adjacent unburned area lacked the planted prairie grasses but
had several species of shrubs (Rhus, Rubus, Prunus) and small trees,
including Crataegus. Censuses in 1967 and 1968 showed a predom-
inance of FE species. While the chronological age since cessation
of cultivation of these two fields is much greater, possibly over 40
years, their ecological age and position in the fallow field sere are
intermediate between the 3- and 12-year areas shown in Table 8.
The "early shrub" stage on the strip-mine area (Karr, 1968) was
only 12 years old, but shrubs and small trees covered more than
one-third of the area. The "late shrub" stage, abandoned about 44
years (41-46 years) earlier, still had some bare ground but was
nearly two-thirds covered with shrubs and small trees. In listing
the birds in these stages (Table 8), species are excluded whose
occurrence was clearly dependent on adjacent bodies of water
(spotted sandpiper, Actitis macularia) or artificial plantings of
trees (common grackle). The predominance of FE species is evi-
dent, but OF species had become more important and a few CF
species had made their appearance.
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Middle Years in the Succession
Allison (1947), who initiated the long-term study of succession at
Robert Allerton Park in 1946, marked out an area of 18 ha, but
the following year it was increased to 24.3 ha (Fig. 27:4). Alto-
gether, 25 yearly censuses of bird populations were made to 1971,
skipping only 1970. Censuses were made by the spot-mapping
method and mostly by graduate students working for M.S. degrees
(see Acknowledgments). Bird counts were started in early spring
and often extended into mid autumn. During the peak of nesting,
counts were usually made three or four times a week. I checked
over all the students' species summary maps at the end of the
season to give uniformity to estimating the number of nesting pairs.
During years when no student was available (1952, 1954, 1956-58,
1961), an assistant and I made the census, but then time did not
permit taking more than about five complete counts at the height
of the nesting season instead of the minimum of eight that is
generally considered adequate. The area was first gridded at 30- to
50-m intervals with waterproofed numbered cards attached to
trees, but in 1953 numbered metal stakes replaced the cards.
The Allerton Park area was well drained, with intermittent streams
leading into the Sangamon River. A narrow one-way road marked
the boundaries on the upper half of the east side and on the north
and west sides, while the south border was an artificial irregular
line. The area was bordered on the north by floodplain forest, on
the upper east and west by second-growth upland forest, in the
southeast corner by grassland, and elsewhere by similar forest-edge
vegetation.
The agricultural history of the plot cannot be fully documented,
but an older resident recalled that the area was cultivated until
1925 when it was converted into pasture for domestic animals,
probably cattle. The abundance here of briers and hawthorns indi-
cated that grazing probably continued until a few years before the
University acquired the park in 1946. There had been mowing of
the grass in open areas up to this time, but since 1946 there has
been little disturbance.
The principal grass of the area was Kentucky bluegrass, Poa
pratensis L. Brier patches and thickets were composed of wild
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blackberry {Rubus allegbeniensis Porter), black raspberry (Rubus
occidentalis L.), poison ivy, and smooth sumac (Rhus glabra L.).
Tree species, listed in 1966 (Roth, 1967), were, in order of im-
portance (percentage of total density plus percentage of total basal
area divided by 2): shingle oak (Quercus imbricaria Michx.), 24.8;
wild black cherry (Primus serotina Ehrh.), 20.6; both species of
elm, 20.6; hawthorn, 10.0; and 10 other species.
The earliest aerial photograph of the area that I have seen was
taken in 1936, 12 years after cultivation ceased. Brier patches,
thickets, and small trees were scattered in a diffuse manner over a
considerable portion of a grassy area but there was no forest. Aer-
ial photographs, together with ground observations, allowed prep-
aration of vegetation maps in 1946, 1953, 1957, 1959, and 1967.
Portions of the area were mapped as grassland if they contained
at least 0.2 ha covered with grasses and forbs without large trees or
shrubs; forest edge if the grassland contained scattered clumps of
briers, shrubs, and trees; and forest if trees made a closed canopy
over at least 0.2 ha (Borst, 1967). The amount of area covered by
each biotope was then expressed in percentages for preparing Fig-
ure 28. It was obvious that as forest-edge vegetation increased in
70
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Fig. 28. Changes in percentage of area covered by each of three biotopes at
Robert Allerton Park as determined from aerial photographs and vegetation
maps.
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density, grassland was crowded out. Forest invaded slowly, first
along the north and east margins, then encroached inward. With
protection of the area from disturbance, both forest and forest
edge expanded rapidly from year 22 to year 29, but thereafter
changes came quite slowly.
The amount of time required for the entire area to be covered
with climax forest similar to that elsewhere in the park can be only
estimated. A study done in another part of Robert Allerton Park
estimated that 75 years would be required from cutting of the
original forest to development of a relatively stable young white
oak-red oak-hickory forest (F. L. Johnson, personal communica-
tion). The succession on the bird study area, however, will take
longer because an additional intermediate stage of different tree
composition occurs. On the Piedmont Plateau of North Carolina, a
good oak-hickory understory to pine requires about 110 years to
develop (Oosting, 1942).
At the time of the last analysis of the vegetation on the study
area at Robert Allerton Park, 42 years after cessation of cultiva-
tion, forest still covered less than 40% of the ground. When forest
comes to cover the entire area, the avifauna will probably be simi-
lar to that of the Salt Fork area (Table 6) studied by Karr (1968)
which developed on an area that was strip-mined 60 (56-66) years
previously. Being located on the floodplain of the Salt Fork River,
the forest was dominated by rapidly growing trees. More than half
of the area contained an understory of shrubs. The first forest
developing on the bird study area at Robert Allerton Park is com-
posed principally of species different from those in the Salt Fork
area, but these trees also grow rapidly and are succeeding shrubs.
The final or climax stage will doubtless be composed predominantly
of oaks, hickories, and sugar maples, similar to the upland study plot
at Robert Allerton Park (Table 5). For the purpose of our analysis,
I am assuming that the final stabilized study area at Robert Allerton
Park is at least 100 years old.
Bird censuses spanned a period from 22 to 47 years after culti-
vation (Appendix 4). Grassland species persisted throughout the
period (Fig. 29). There was a gradual decrease in populations of
FE species and increases in OF and CF species. The most numer-
ous FE species were yellow-breasted chat, rufous-sided towhee,
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Fig. 29. Three-year moving averages showing changes in number of breeding
birds in different biotopes at Robert Allerton Park. Data for 1969 are averages
for 1968 and 1969; for 1970, averages of 1969 and 1971.
and field sparrow, and the most abundant OF species were mourn-
ing dove and indigo bunting. Peak or near-peak numbers for many
species occurred in the mid 1960s, while a decline in numbers for
several species occurred between 1969 and 1971. The larger popu-
lations of FI species before 1952 rather than later was caused by
overflow from large populations of American redstarts in the
adjacent forest at that time (Appendix 3).
The Complete Sere
The increase in number of species and total populations correlated
with succession of vegetation from fallow field to forest has been
pointed out by Karr (1968). When the various census areas in this
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study are arranged in order of decreasing G and FE species and in-
creasing CF and FI species (Table 10), a rough correlation is evi-
dent between chronological age and increase in mean number of
species and population size to the late shrub and early forest stages.
That the correlation is not more precise and does not continue into
older forests is explained by variations in habitat, differences in
rapidity of vegetational development, and proportion of forest
edge to forest interior. If one could quantify the succession of
bird communities on an adequately sized area over 100 or more
years, one would undoubtedly find progressive predominance in
turn of G, FE, OF, CF, and FI species. The gradual increase in
numbers of OF species to a maximum followed by a decline is
characteristic of populations in each group except for FI species.
Yearly population sizes of individual species, when plotted against
time, commonly assumed distribution curves skewed positively in
relation to the biotope occupied by each species (Fig. 30). The
dickcissel (G) quickly became abundant after a field was aban-
doned, and decreased gradually as shrubs increased in density. The
field sparrow (FE) appeared with the first shrubs, soon reached a
peak, and slowly disappeared as shrubs became replaced by forest.
The blue jay (OF) lagged behind the field sparrow both in invading
the forest edge and in reaching a peak. Its numbers decreased as
the forest matured. The tufted titmouse (CF) lagged behind the
blue jay in first appearing and reaching a peak, but then maintain-
ed high numbers. The curves of OF and CF species resemble those
obtained by Bond (1957) for frequency of occurrence of species
plotted against a continuum index extending from xeric to mesic
forests. Ferry and Frochot (1970) found in forest succession after
logging that many species showed a preference for initial low shrub
stages and then disappeared, a few species reached optimum abun-
dance in intermediate stages, and other species became common
only in the late subclimax stage.
The time schedule for invasion and extinction of bird species on
abandoned farmland varies with the type of vegetation that comes
in. In an "old field" succession in Michigan, juniper (Juniperus com-
munis L.) was a common species (Evans, 1978). Field sparrows
were well established when the study began, approximately 24
years after cessation of cultivation, as was true in my study area,
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Fig. 30. Characteristic changes with time in population size of representative
grassland (G), forest-edge (FE), open-forest (OF), and closed-forest (CF)
species. The number of pairs of nesting birds each year is based on three-year
averages except for year 60 (Salt Fork area) and 100+ and for the dickcissel
(Tables 5, 8, Appendix 4). The data for year 10 are averages of the census
for year 12 on the strip mine area and two censuses on areas of somewhat
earlier ecological age at Robert Allerton Park. The data for year 44 are
averages for three years at Robert Allerton Park and one year in the strip
mine area. The data for year 100+ (minimum estimated time to complete
sere, see text) are for the upland forest at Robert Allerton Park. The data
for the dickcissel are plotted on a yearly basis because of the rapid changes
in population size.
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but then the species increased in numbers to at least year 50, by
which time they had almost disappeared from my area. One reason
for this increase in Michigan, apparently, is that the birds shifted
from nesting chiefly on the ground in the early years to nesting in
the increasingly abundant junipers.
It is not possible to date accurately the first appearance in the
sere at Robert Allerton Park of most FE and OF species because
of the lack of data before year 22. The order in which these species
reached peak populations, however, is interesting (Table 9). Based
Table 9. Order of appearance and peaking in populations of bird species in
years after termination of cultivation at Robert Allerton Park; data in paren-
theses are for other areas
First Regular
appearance occurrence Peak(s)
Forest-edge Species
Song sparrow (3)
Black-billed cuckoo
Cedar waxwing
American goldfinch
Brown thrasher
Field sparrow
Yellow-breasted chat
Common yellowthroat (2)
Bell's vireo
Gray catbird
Rufous-sided towhee
White-eyed vireo
Open-forest Species
American woodcock
Mourning dove
Indigo bunting
Ruby-throated hummingbird 25
Cardinal
Black-capped chickadee 25
Rose-breasted grosbeak 23 36
Blue jay
House wren 27
(12i
22
22
22, 24
22, 26, 36
23, 26
25
26, 29
28, 30-•31
29, 34, 41
34
44
22
22, 30, 41, 44
26, 39--40, 45
27-28, (100)
28, 40
28, 35, 42
39
40
41
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Table 9. (Continued)
First Regular
appearance occurrence Peaks(s)
Common flicker 29 31 44, (60)
Red-headed woodpecker 36 44, (60)
Yellow-billed cuckoo 45
American robin 39 (60)
Closed-forest Species
Great crested flycatcher 22 26
Tufted titmouse 26
Eastern wood pewee 22 33
Downy woodpecker 27 35
Red-bellied woodpecker 35 36
Wood thrush 26 38
White-breasted nuthatch 28 39
Carolina wren 26 43
Red-eyed vireo 25
Hairy woodpecker 30
Forest-interior Species
Whip-poor-will 22 42
on studies in other areas, it is assumed that the common yellow-
throat and song sparrow were the first FE species to appear. The
song sparrow attained its highest recorded population in the 12-
year strip-mine area and was last recorded in the Robert Allerton
Park study area in year 26. The yellowthroat did not peak until this
latter year. Several other species appeared to be at or near their
peaks when the censuses began in year 22. The white-eyed vireo
was the last FE species to peak— at year 44. Most of the species
listed were still present when the study was concluded in year 47,
but the Bell's vireo was last found in year 34, the black-billed cuckoo
in year 38, and the cedar waxwing in year 39. These three species,
as well as the song sparrow, became irregular in occurrence before
they disappeared entirely. Some OF species peaked early, but most
of them reached their maxima later than did the FE species. Some
species exhibited large populations also in the 60-year forest stages
on the Salt Fork.
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The invasion of CF species can be followed with some accuracy.
Their incursions were usually sporadic at first, being recorded pres-
ent but not definitely nesting some years and entirely absent other
years, before they became established in the nesting avifauna. Eight
CF species began to appear regularly between years 26 and 43. The
recording of FI species depended to a large extent on their pres-
ence and abundance in the neighboring forest. The whip-poor-will
may be the first real FI invader, since the species was present in
good numbers annually, beginning in year 42.
Mean number of species (36) and populations (248 pairs/40 ha)
reached peaks at Robert Allerton Park 39-41 years after cultivation
stopped. This is to be compared with 27 species and 241 pairs/40
ha in the adjacent mature forest.
10. Variations in Community Structure
In previous sections, community structure has been analyzed in
respect to the preferences of species for particular biotopes. We
are here concerned with other aspects of community structure,
and population statistics for all communities studied in this region
have been brought together in Table 10.
There is a weak statistical correlation between total populations
(unadjusted pairs/40 ha) and total numbers of species (r2 - 0.25),
and a stronger one between total populations and mean population
size (pis = pairs/species/40 ha) (r2 = 0.50). Variation in total pop-
ulations among different communities depends to some extent on
the number of niches available for different species, but to a greater
extent on the degree to which they are occupied.
In his analysis of 20 censuses in several types of forest vegeta-
tion, Udvardy (1957) showed that the 62.8% of species with less
than 10 pairs/40 ha each provided 22.8% of the total populations
while only 4.6% of the commonest species, with 40+ pairs each,
provided about the same proportion, 23.5%. This represents a pos-
itively skewed distribution of population sizes; that is, the median
and mode pis are smaller than the arithmetic mean.
The extent of skewness (gi) in our bird communities was calcu-
lated from the total number of species and mean populations in
each area, using equation 7.7 from Zar (1974):
S(x, - x) 3
Si
-(n-l)(n-2)(sd)fti
where x t = pis for a species, x is the mean pis, n is number of spe-
cies, and sd is standard deviation. Whether the skewness was signifi-
cantly different (p < 0.05) from a normal or symmetrical distribu-
tion (g x = 0) was determined from Table D25 in Zar (1974).
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With a symmetrical distribution, species populations appear well-
balanced; with a highly skewed distribution, a few species are very
numerous while others are poorly represented (Fig. 31). The NS
skewness of the four populations shown in Table 10 varied only
between 0.18 and 0.45.
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Fig. 31. Percent total number of species at different population levels. The
distribution of species populations in William Trelease Woods is highly
skewed; in the Salt Fork area, they approach a symmetrical distribution.
Highly skewed distributions of mean populations size (gi > 2.0)
for fallow fields resulted from abundance of dickcissels; for grass-
land-shrub and 22-24 year serai stages, field sparrows; for the 39-
41 year serai stage, field sparrows, cardinals, and indigo buntings;
for Hart Forest floodplain forest, red-headed woodpeckers; for
Hart Forest upland forest, blue jays; for Robert Allerton Park
floodplain forest (1949-51), American redstarts; and for William
Trelease Woods, starlings. Starlings are an exotic species intro-
duced into this country by man. When they are omitted for William
Trelease Woods, g x drops from 4.19 to 2.07. Indigo buntings were
Table 10. Population statistics
Vegetation/Source of data
Age in Size Years Number, species
years (ha) record Total Mean
Fallow field
Phillips Tract & Hart Forest, Willson (1974)
Strip-mined area, Karr (1968)
Grassland-shrub
Phillips Tract & Hart Forest, Willson (1974)
Early shrubs
Strip-mined area, Karr (1968)
Abandoned farmland
Allerton
Late shrubs
Strip-mined area, Karr (1968)
Late shrubs (omitting starlings)
Strip-mined area, Karr (1968)
Abandoned farmland
Allerton
Upland forest (Table 1)
Trelease
Upland forest (Table 1) (omitting starlings)
Trelease
Floodplain forest
Phillips Tract & Hart Forest, Willson (1974)
Hart Forest, Blem & Blem (1975)
Upland forest
Phillips Tract & Hart Forest, Willson (1974)
Hart Forest, Blem & Blem (1975)
Floodplain forest (Salt Fork)
Strip-mined area, Karr (1968)
Floodplain forest
White Heath area, Fawver (1947)
Floodplain forest (1949-51)
Allerton
Floodplain forest (1963, 1967)
Allerton
Upland forest
Vermilion River area, Smock (1970)
Upland forest
Funk Forest, Calef (1953)
Upland forest
Allerton
1-3 10-12 3 4.3
(?) 6-7 2 10 6.5
12 8.7 1 16
22-24 24.3 3 29 22.0
44+ 8.7 1 30
44+ 8.7 1 29
39-41 24.3 3 43 35.7
virgin 24.0 4 38 27.2
virgin 24.0 4 37 26.2
? 5.1 4 28 21.3
125 + 9.1 4 27 20.0
60+ 6.2 1 31
(?) 20.0 1 24
virgin 10.1 3 28 24.7
virgin 10.1 2 36 33.0
(?) 16.0 1 28
virgin 24.0 2 30 28.5
125 + 11.8 7 35 26.4
Calculated from "mean pairs/40 ha."
2
Average of 3 years with complete censuses.
NS = not statistically significant.
Pairs/40 ha Percentage of pairs in biotope Pairs/species/40 ha Skewness
Mean Adjusted G FE OF CF FI Mean Adjusted Annual (gi )
53 98 2 6.6 12.3 2.07
82 19 79 2
> 294
165
6 73
73
20
21
364 5 47 40 8
327 6 41 42 11
248 + 39 48 12
227 209 36 44 20
167 13 60 27
3 74 345 12 57 30
8.2 12.6 2.89
18.4 NS 3
5.7 7.5 2.75
12.1 1.44
11.3 0.83
5.8 6.9 2.12
6.0 5.5 8.3 4.19
4.5 6.4 2.07
13.4 12.3 17.6 2.40
227 222 4 51 43 3 8.4 8.2 11.4 2.47
476 414 21 23 30 25 15.4 13.4 NS
142 138 3 33 50 14 5.9 5.8 NS
270 263 5 24 38 33 9.6 9.4 10.7 3.21
366 356 6 36 38 21 10.2 9.9 10.5 1.10
212 208 7 22 42 28 7.6 7.4 1.45
157 156 4 26 61 10 5.2 5.2 5.5 NS
241 241 1 22 46 31 6.9 6.9 8.8 1.66
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the second most abundant species in the woods with 12.2 pis.
Skewed distributions indicate full or nearly full occupancy of a
highly available niche but this condition is sometimes of relatively
short duration. The excessive abundance of red-headed woodpeck-
ers and starlings depended on the temporary presence of dead elm
trees. In the Robert Allerton Park floodplain forest, American red-
starts had decreased and several other species increased between
1951 and 1963 (Appendix 3).
Near symmetrical distributions (g x = NS) were associated with
both high and low values of pis and with both serai shrub and cli-
max or near-climax floodplain and upland forests. They likewise
occurred with various combinations of FE, FO, CF, and FI species.
There is no correlation between g x and number of species. There
is a tendency for g x to vary negatively with total pairs/40 ha and
pis but the coefficients of correlation are not statistically signifi-
cant.
Considering only tracts in - 3) with skewed populations less
than 2.0 (actually <1.70), the upland deciduous forest of east
central Illinois in presettlement time may have had a relatively
stable bird population on areas averaging 17.3 ha of about 31 spe-
cies annually, total populations of 203 pairs/40 ha, pis annually of
7.3, andg, of 1.10. Distribution according to biotopes would have
been FE, 4%; OF, 23%; CF, 50%; and FI, 23%. The two floodplain
forests censused with symmetrical distribution of species popula-
tion varied too widely to warrant such a generalization of com-
munity structure.
11. Northward Dispersal: Variations in Rates
and Routes
How avifaunas have become modified as the result of dispersal of
exotic species, such as house sparrow, starling, and ring-necked
pheasant, into the region has been considered. Local avifaunas
have also been affected by dispersal of native species from the
south northward, and the routes they have taken in this dispersal.
I have left this section to the last, as it involves species in both for-
est and serai communities and variations in community structure.
East central Illinois is near the northern limits in the dispersal of
Carolina wrens and mockingbirds. Both are permanent residents
but their prevalence in the region fluctuates depending, at least in
part, on winter weather.
The Carolina wren was first recorded in William Trelease Woods
during the winter of 1928-29, then again in 1942-43, and fairly
regularly beginning in 1949-50. As a breeding bird, it was recorded
in 1934, 1943, and more frequently beginning in 1951 (Fig. 32).
The species feeds mostly on or near the ground, and numbers of
nesting birds were generally reduced following winters with much
snow. Low temperatures may also have been critical.
The mockingbird had extended its range northward into central
Illinois by the 1880s but was known to fluctuate in abundance
correlated, in some cases at least, with winter weather (Graber et
al., 1970). Christmas bird counts in east central Illinois indicated a
progressive rise in early winter populations to a peak in 1969 and
then a decline (Fig. 32).
Dispersal of forest and forest-edge birds appears to have occurred
along river systems. One principal route extended in a roundabout
way from the Mississippi, Illinois, and Sangamon Rivers into the
western part of the region and another from the Ohio, Wabash,
Vermilion, and Salt Fork Rivers into the eastern part (Fig. 1). The
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Fig. 32. Fluctuations in breeding (pairs) and wintering (number per party,
Christmas bird counts) populations (Carolina wren and mockingbird) (S,
snowfall over 12.5 cm above normal and T, temperature more than 5 C
below normal during either December, January, or February.
latter route is more direct and shorter since it is oriented in a north-
south direction. Although these river systems are separated from
each other by only a few kilometers, intervening tallgrass wet prairie
in presettlement time served to prevent free inter-dispersal. Only the
sparsely wooded headwaters of the Kaskaskia and Embarras Rivers
occur between the two major river systems. The different census
plots in Tables 5 and 6 are listed progressively from the extreme
west to the extreme east.
According to Brewer (1963), the black-capped chickadee origi-
nally prevailed over the region but is now being displaced by the
Carolina chickadee which is expanding its range northward. This
displacement has not yet occurred along the Sangamon and upper
Kaskaskia Rivers but is nearly complete along the Embarras and
Vermilion-Salt Fork Rivers. In 1910, the black-capped chickadee
nested along the Embarras River near Philo, and Twomey's original
notei indicated this species in William Trelease Woods the winter
of 1933-34. Only the Carolina chickadee nests at these localities
now. The greater prevalence of willow flycatcher, mockingbird,
warbling vireo, yellow warbler, northern oriole, and song sparrow
in the eastern parts of the region (Tables 5, 6, 8) is not so easily
explained because their present ranges extend far north of this
region.
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Differences in community structure are conspicuous. In the early
shrub (12 years) and late shrub (44 years) stages along the Vermil-
ion River, pairs/40 ha averaged 329, pis 15.2, andgi 0.94. In cor-
responding stages along the Sangamon River in Robert Allerton
Park (22-24 and 39^1-1 years) pairs/40 ha averaged 206, pis 5.8,
andg! 2.44. Similar differences, although statistically insignificant,
occurred between forest bird populations in the two river systems.
Regional differences in community structure probably depended
on the particular species compositions in each region, but to ex-
plain why the species composition varied as it did requires further
study.
12. Discussion
The principal finding of this study is that the avifauna is in contin-
ual flux correlated with time and space. Populations fluctuate in
yearly cycles, from year to year, and less conspicuously over dec-
ades and longer intervals. Variations occur intra-regionally in spe-
cies composition and population sizes. Changes in community
structure accompany these fluctuations and variations.
The yearly cycle relates to migration, nesting, and overwintering
and is apparently regulated by photoperiod, weather, growth and
fruiting of plants, and the yearly cycle of the invertebrate food
supply.
An increase over a period of years followed by a decrease in
abundance, correlated with a surge in their invertebrate food sup-
ply, was best shown by eastern wood pewee, red-eyed vireo, and
indigo bunting. Fluctuations in bird numbers lagged three to five
years behind the fluctuation in insects, spiders, and other arthro-
pods. A lag in response is to be expected, as all three species are
migratory, and changes in population level presumably resulted
from differences in the percentage of young birds attracted back
to the vicinity of where they hatched and of adults from elsewhere
into the area. No correlation was found between fluctuations in
weather in the region and the number of nesting birds of these
species, and since all three species overwinter in the tropics or sub-
tropics, weather was probably not involved there also, although
this was not documented.
The delay in response of bird populations to the increase in the
invertebrate food supply is longer than has been found elsewhere.
In the Hubbard Brook Experimental Forest of New Hampshire, a
defoliating moth destroyed 44% of the annual leaf production in
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the second year of its outbreak. Some insectivorous species began
to increase after a lag of only one to two years and continued to
increase for two years after the peak population of the insect had
passed (Holmes and Sturges, 1975). The almost immediate response
of some northern birds to outbreaks of spruce budworm (Chloris-
toneura fumiferana (Clem.)) in New Brunswick is related to the
8,000-fold increase in the insects over only a two-year period. But
two species of warblers did not peak in numbers until three years
after that of the budworm (Morris et al., 1958). In an outbreak of
larch sawfly (Pristiphora erichsonii (Htd.)) in Manitoba some bird
populations began to increase when the insect population reached
1200/ha, but for other species not until the insect population
attained levels of one to two and one-half million per hectare
(Buckner and Turnock, 1965). In William Trelease Woods, the less
than 10-fold increase in invertebrates over a three-year period was
less spectacular. It appears that the speed with which bird popula-
tions respond to increases in their food supply varies not only with
the rate at which the food supply increases but also with the
species of the bird.
Yearly fluctuations in some bird populations are affected by the
weather, either directly or through the availability of their food
supply. The Carolina wren and mockingbird, at the northern boun-
dary of their ranges, fluctuated in abundance related to winter
temperatures and snowfall locally. With house wrens, variations
in temperature in the Gulf states where they winter affected the
number that survived and returned north to their breeding grounds.
Wintering populations of tree sparrows, dark-eyed juncos, and per-
haps other species that show a more or less four-year cycle of abun-
dance may have been determined by fluctuating conditions affect-
ing reproductive success in the north, by fluctuating snow cover in
this region, or by both.
Species varied in their biotope requirements according to their
relation to grassland (G), forest edge (FE), open forest (OF), closed
forest (CF), and forest interior (FI) biotopes. These relationships
affected their responses to changes in the environment, especially
in the vegetation. The response of many OF and FE species to the
opening and closing of the forest canopy resulting from the death
of elm trees at William Trelease Woods is clearly shown by the bell-
shaped or normal curves of the red-headed woodpecker (Fig. 10)
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and house sparrow (Fig. 18). Some species, such as the gray catbird,
brown thrasher, and common yellowthroat, had skewed curves in
that they increased rapidly to a peak in abundance but then de-
creased more slowly. Still other species, such as mourning dove,
blue jay, American robin, starling, and cardinal, after once gaining
peak numbers, appear now to have become established throughout
the forest tract. Not all FE and OF species responded to these
changes in the forest. The ruby-throated hummingbird, yellow-
breasted chat, American goldfinch, field and song sparrows were
unaffected (Appendix 1).
There may well be disagreement among observers as to the proper
biotope for assignment of some species. Using a statistical cluster
analysis of the distribution of species in eastern Kansas in relation
to 10 environmental factors, Johnston (1979), for instance, puts
the indigo bunting, American robin, and cardinal in with a group
of forest-edge species, while I call them OF species. There are some
other discrepancies, particularly since he did not distinguish be-
tween OF, CF, and FI categories. C. S. Robbins (personal commu-
nication) considers the indigo bunting strictly a FE, rather than an
OF species. Differences among observers in their assignment of
species may not be entirely a matter of judgment, since species
may vary locally in their apparent biotope requirements, depend-
ing on subtle differences in vegetation, inter-species competition,
or prevailing climate.
With changes in vegetation, inter-species competition for terri-
tories, nesting sites, and food supplies in William Trelease Woods
greatly influenced population levels attained by starlings, various
species of woodpeckers, and perhaps white-breasted nuthatch and
tufted titmouse. The replacement of bobwhite by ring-necked
pheasant and black-capped by Carolina chickadees probably in-
volved inter-species competition, but I have no direct evidence
that the replacement of Cooper's hawk by red-tailed hawk and
barred owl by great horned owl was the result of competition. If
competition between these latter species occurred, it would have
been elsewhere in the region, because several years elapsed between
their occurrences at William Trelease Woods.
In succession of vegetation on abandoned farmland, G species
were predominant in the early stages, followed in turn by FE, OF,
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and CF species. Individual species appeared, reached a peak in num-
bers, and then, unless they belonged to the climax, disappeared.
Total populations increased from single-layered grassland to two-
and three-layered shrub and forest vegetation. This was clearly
correlated, as has been shown elsewhere (Udvardy, 1957), with
an increase in number of species that found suitable niches in the
more diversified vegetation. However, after establishment of these
bird communities in complex vegetation, our data indicate that
variation in total populations from one stand to another depended
not so much on number of species as on the extent and occupancy
of the niches available. Udvardy's (1957) study of 130 samples of
temperate deciduous forest also indicated the greater importance
of mean population size. Reconstructing data from a curve that he
gives shows that an increase in total populations of 150% (180 to
450 pairs/40 ha) was correlated with an increase of only 3 5% in
number of species (20 to 27) but 86% in pis (9.0 to 16.7).
The equitability index or evenness in the population size of dif-
ferent species within a community (Sheldon, 1969) is a compo-
nent, along with species richness, of Shannon and Weiner's species
diversity index (Pielou, 1966). Although these indices are in com-
mon use in comparing community structure, skewness (g t ) is a
better criterion than equitability for showing how species popula-
tions are distributed. As discussed elsewhere (Kendeigh and Fawver,
1981), biological measurements are commonly distributed sym-
metrically around a mean similar to a normal or Gaussian curve.
Seldom if ever are measurements of a structure or function exactly
uniform. It is more logical to indicate the degree to which the dis-
tribution of measurements departs from symmetry than from a
condition that never occurs. All bird communities that I have ana-
lyzed have had a positively skewed distribution of population sizes,
to a greater or lesser extent. However, nearly symmetrical distribu-
tions, where g x is not statistically different from zero, appear to be
typical of undisturbed stabilized communities; and highly skewed
distributions result from special, often temporary, conditions.
This study provides information on two practical problems of
present-day concern. The reliability of the Christmas bird counts
as quantitative samples of regional bird populations has been ques-
tioned. Several figures in this paper show good agreement for par-
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ticular species between yearly fluctuations in these counts and fluc-
tuations in breeding and wintering populations at William Trelease
Woods. The Christmas bird counts were of importance in showing
that populations of certain species were affected throughout the
region in the same manner as they were at William Trelease Woods.
Care needs to be exercised with the Christmas bird counts, how-
ever, to cover the same areas in the same manner each year and to
make proper allowances for possible effects of weather conditions
on the day of the counts.
There is controversy as to the best size of areas that are to be
made into bird preserves. Simberloff and Abele (1976) suggest that
relatively small preserves will contain more species than a single
preserve of the equivalent combined areas. Whitcomb et al. (1976),
however, point out that the species assemblage on small isolated
areas will often be different and may include exotic or "weedy"
species. Diamond et al. (1976), Robbins (1979), and others have
also emphasized the importance of large tracts of forest containing
hundreds or perhaps thousands of hectares for insuring the preser-
vation of stable populations of forest interior species.
William Trelease Woods is a relatively small isolated area sur-
rounded by farmland. Compared with the continuous forests of
Robert Allerton Park, its bird community has a greater percentage
of FE and OF species, no permanent FI species, a high turnover
rate, and a higher g x . William Trelease Woods and its bird life rep-
resents a reasonably good sample of the ecotone between decidu-
ous forest and what was formerly tallgrass prairie and should be
preserved for this reason. In presettlement time, this ecotone con-
tained many small isolated tracts of forest. The avifauna of the
woods, however, is poorly representative of that found in contin-
uous forest. The upland and floodplain forests of Robert Allerton
Park, in contrast, are good examples of what formerly occurred
along the streams in the region. The Vermilion River Woods and
Kickapoo State Park deserve preservation because they contain
avifaunas resulting from dispersal northward along the Wabash-
Vermilion River systems and differences in species composition,
pis, andgj
,
from avifaunas along the Sangamon River.
13. Summary
Fluctuations in species composition and population sizes of the
avifauna in William Trelease Woods were followed for more than
50 years and in several other plots in east central Illinois for shorter
periods. Breeding bird censuses were taken by the spot-mapping
method and wintering counts by cruising over known distances
(Christmas bird counts) and areas (William Trelease Woods). Yearly
fluctuations in Christmas bird counts were in general agreement
with fluctuations in breeding and wintering populations of per-
manent resident species determined by the spot-mapping procedure.
Nesting populations in William Trelease Woods consisted typi-
cally of about 17 permanent and 21 summer resident species. They
are classified according to their preference for forest-edge, open-
forest, closed-forest, and forest-interior biotopes. Wintering popu-
lations included four regular winter visitors in addition to the per-
manent residents. Transients were most numerous from March
through May in the spring and from September through October
in the autumn, with some species, especially blackbirds, persisting
into early January.
Increases and then decreases in nesting populations of wood pe-
wee, red-eyed vireo, and indigo bunting in William Trelease Woods
during the 1940s and early 1950s followed, after a lag of 3 to 5
years, a surge in the size of invertebrate populations.
Diseases that eliminated elm trees from the forest canopy in
William Trelease Woods during the 1950s brought decreases in
forest-interior species and increases in open-forest and forest-edge
species. These changes were temporary with most species, but high
populations persisted with mourning dove, blue jay, American rob-
in, and cardinal after the forest canopy had again become closed in
the late 1960s.
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Woodpeckers and starlings were especially favored by the death
of the elms, and fluctuations in their numbers were apparently also
correlated with inter-species competition. Decline in numbers of
black-capped chickadee, white-breasted nuthatch, and tufted tit-
mouse may be related to harassment from woodpeckers and star-
lings.
The starling and house wren invaded William Trelease Woods as
regular breeders about 1934. The house wren became the most
abundant nesting species between 1942 and 1957 and then de-
clined to complete absence in 1977. Variations in abundance of
house wrens were correlated with temperature conditions in the
Gulf States where the species winters.
The avifauna of William Trelease Woods is similar to an island
fauna in having an approximate balance of species invading and
disppearing. Invasion and extinction rates varied with the different
biotope categories but were highest during the period of disturb-
ance of the forest canopy, 1950-64.
Bird populations in upland forests within the region contained
the same number of species but lower populations than in flood-
plain forests. Some upland ground-nesting species were apparently
prevented from nesting in the lowland forests because of occasional
flooding, while some species restricted to floodplain forests fre-
quent the river's edge for nesting.
Christmas bird counts indicated a decline in numbers of several
species of hawks, increase in overwintering populations of mourn-
ing doves and sparrows, and possible cyclic fluctuations in the pop-
ulations of wintering dark-eyed juncos, tree sparrows, and white-
crowned sparrows.
In the succession of avifaunas and vegetation on abandoned
farmland, grassland species were predominant for the first few
years, followed in turn by forest-edge, open-forest, and closed-
forest species. The invasion and decline in populations of certain
grassland, forest-edge, and open-forest species, when plotted against
time, exhibit positively skewed distribution curves.
Variations in size of total bird populations in well-developed
shrub and forest communities were correlated to some extent with
number of species present but to a greater extent with number of
pairs per species. Distribution of pairs per species within each com-
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munity was positively skewed, but the degree of skewness was mini-
mal, approaching a symmetrical or normal distribution, in certain
relatively undisturbed, stabilized serai shrub and climax forest
stands. Bird communities with a skewness greater than 2.0 con-
tained one or more species with disproportionately large popula-
tions.
The avifauna has changed during the past half-century as the
result of dispersal of exotic species (ring-necked pheasant, starling,
house sparrow) into the region and the tendency of several south-
ern species (Carolina chickadee, Carolina wren, mockingbird)
to extend their ranges northward. The avifauna along the more
direct and shorter dispersal and migration route of the Ohio, Wa-
bash, Vermilion, and Salt Fork River System in the eastern part of
the region contains several species that are uncommon along the
Mississippi and Sangamon River System in the west. Total popu-
lations and pairs per species were higher and skewness lower in the
eastern than in the western portions of the region. Persistence of
these differences may be related to tallgrass prairie in the upland
area in early days and now farmland preventing easy inter-dispersal
between the two river systems.
Breeding populations in the isolated 24-ha William Trelease Woods
were composed of approximately one-third forest-edge, one-half
open-forest, and one-fifth closed-forest and forest-interior species.
This contrasts with the avifauna of a similar stand in the extensive
forest tract at Robert Allerton Park where more than three-fourths
of the birds were closed-forest and forest-interior species. Species
turnover rates and skewness in the distribution of population sizes
within the bird community of William Trelease Woods were higher
than in census plots within continuous forests. These factors re-
quire consideration in selecting representative areas for nature
preserves.

Appendices
Appendix 1: Breeding Bird Populations (number of male territories or pairs)
at William Trelease Woods (24 ha)
Species Biotope 1927 1928 1934 1935 1936 1937 1939 1940
1 Cooper's hawk OF 1 1 1
2 Red-tailed hawk FE
3 American kestrel FE 1
4 Bobwhite FE
5 Ring-necked pheasant G
6 American woodcock OF
7 Mourning dove OF 1 1 2 2
8 Yellow-billed cuckoo OF 1 3 2 1 2 1
9 Black-billed cuckoo FE
10 Screech owl OF
11 Great horned owl CF
12 Barred owl CF 1 1 1 1 1 1
13 Ruby-throated hummingbird OF 1 1 1 1 1 1 1 1
14 Common flicker OF 1 1 1 2 1
15 Red-bellied woodpecker CF 1 1 1 1 1
16 Red-headed woodpecker OF 1 4 2 3 5 1 1
17 Hairy woodpecker CF 1 2 1 1 1 1 1
18 Downy woodpecker CF 2 3 5 4 2 4 1 4
19 Eastern kingbird FE
20 Great crested flycatcher CF 4 4 5 4 5 5 -
1
11
21 Acadian flycatcher FI
22 Eastern wood pewee CF 3 7 3 4 7 6 6 8
23 Blue jay OF 1 2
24 Common crow FE 2 4 2 5 4 2 1 6
25 Carolina chickadee OF
26 Tufted titmouse CF 2 5 5 4 6 4 3 3
27 White-breasted nuthatch CF 1 1
28 House wren OF 1 3 4 8 14 10
29 Carolina wren CF 1
30 Mockingbird FE
31 Gray catbird FE 2 1 1 1
32 Brown thrasher FE 1 1 1
33 American robin OF 1 2
34 Wood thrush CF 4 4 3 3 2 2 1
35 Eastern bluebird FE
36 Blue-gray gnatcatcher FI 1
37 Cedar waxwing FE
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Species 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 1951 1952
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
1 1 1111
1 1 1 1 1 1 2 2 1
1 1 2 1 2 1 2
1 1 1 1 1 2 2
1
2
2
1 2
1
1 1 1 1 1 1 1 2 1 1
5 5 6 6 6 4 4 3 5 4 4 4
7 8 7 5 7 7 7 9 9
1
6
1
2 5
8 15 17 15
1 1 1
5 3 4 1
10 5 8 7 6 6 6 14
1
2 4 9 10 11 9 9 6
2 2 3 5 3 5 5 3
20 31 40 25 25 28 32 45 61 46 31 28
1 1 1
1
1 2
3
1
103
Appendix 1 (continued)
Species 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964
1
2 1
2
+ 1 1
3 1 1 + 1
4 1 + +
5 + + 1 + + + + + + +
6 1
7 1 1 1 2 3 7 17 13 8 14 7 7
8 6 4 3 3 2 3 5 5 5 4 5 4
9 1 + + 1 + 1 +
10 1 1 1
11 + 1 1 1 1 1 1 1 1 1 1 1
12
13 2 2 1 1
14 2 4 5 4 4 6 10 5 9 8 10 14
15 1 2 4 4 4 2 3 1 2 1 2 2
16 1 1 1 4 6 11 14 17 13 8 25 23
17 1 1 1 2 1 1 1 1 1
18 3 7 8 8 6 6 13 4 4 5 5 3
19 1
20 3 4 5 6 6 5 5 5 5 7 8 6
21 1 1 1 + +
22 19 19 14 12 20 14 12 15 11 7 15 7
23 2 3 3 4 6 6 10 7 7 9 12 12
24 + + 1 1 + + + + + + + +
25 1 1
26 1 + 2 1 1 5 5 5 1 1 2
27 1 1 1
M 50 31 51 32 45 22 28 31 27 19 30 21
29 + 1 2 1 2 2 +
30 +
31 1 1 1 1 1 2 2 1 3 1 1 1
32 1 1 2 1 1 2 5 2 4 2 4 3
33 1 3 1 4 4 3 9 3 5 3 5 3
34 1 2 3 2 2 2 2 1 1 2 2 1
35 1
36
37 2
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Species 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
1 1 1
2
2
1
10
3
5 10 13
5 3 6
1
;5 22 14 16 13 14 5 9
1 1 1
+
1
3 1 7 5 + 1
3 3 1 2 5 3 1
6 10 5 11 8 13 9 5
3 1 1 1 2 2 +
1 +
12 13 7 6 9 8 6 8 7 13 8 6
2 2 2 2 1 3 2 1 1 3 5 5
29 26 13 17 13 12 10 7 10 8 2 3
1 1 1 1 1 1 1 1 2
3 4 1 2 2 3 5 6 2 6 2 3
5 4
1
5 3 3 5
1
6
+
3 3 4 2 5
8 10 9 10 9 16 7 9 5 5 5 7
12 15 12 10 8 19 15 15 10 16 14 13
+ 1 + +
8 12 10 7
1 1 1 2
+ 1 3
3 2 1 2
6 23 12 10
2 3 2 6
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Species Biotope 1927 1928 1934 1935 1936 1937 1939 1940
38 Starling FE — — 8 10 25 16 9
39 Yellow-throated vireo FI
40 Red-eyed vireo CF 9 7 8 4 4 5 -
41 Ovenbird FI 1
42 Kentucky warbler FI 1 4
43 Common yellowthroat FE 2 1 1 1 5^
44 Yellow-breasted chat FE
45 American redstart FI 1
46 House sparrow FE
47 Red-winged blackbird G
48 Orchard oriole FE
49 Northern oriole FE
50 Brown-headed cowbird - - - - - - ~
51 Scarlet tanager FI
52 Summer tanager FI
53 Cardinal OF 3 5 3 3 2 2 1 2
54 Rose-breasted grosbeak OF
55 Indigo bunting OF 17 9 22 21 20 20 15
56 Dickcissel FE
57 American goldfinch FE - - 2 - 10(?) - -
-
58 Rufous-sided towhee FE
59 Vesper sparrow G
60 Field sparrow FE 2 2
61 Song sparrow FE 1 1
Totals (excluding brown-headed cowbird):
Species 22 20
Pairs 60 63
25 24
82
25
114
19
92
Species omitted from census.
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Species 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 1951 1952
38 16 17 22 16 20 29 21 16 22 20 13 22
39
40 13 14 10 11 9 8 8 16 16 21 21 18
41 1
42 1 1 1 1 1
43 1 1 2 2 2 3 1 2 1 2 3 3
44 1 1 1 1 2 1 1 2
45
46 1 1 1 2
47
48
49
50
51
52
53 1 2 3 3 4 2 3 3 2 3 2 4
54
55 25 27 27 26 22 25 20 28 25 45 33 16
56 1
57 4 1 3 - - - - 2 1 4 3 1
58
59
60 2 1 1 1 1 1
61 1 1 1
18 20 24 19 14 20 17 19 27 25 25 33
114 130 157 134 119 137 122 156 181 193 150 147
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1
4 4 2 3 7 7 4 4 6
1 1 1 1 1 1 +
1 3 2 7 5 12
2
15 11 11
Species 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964
38 39 25 13 21 25 44 70 92 85 52 57 61
39 1
40 13 24 23 11 11 5 12 8 4 5 5 2
41
42
43
44
45
46
47
48
49 1111
51 11 1
52
53 422563657546
54 2 2
55 18 22 24 14 18 15 21 14 16 11 17 14
56 +11
57 222112 + + +
58 +1543575 2
59 1
60 +12 113 4+ 12
61 11+ + 2 +
38 36 37 34 33 34 30 31 32 32 30 33
164 179 191 164 195 199 285 260 240 182 216 210
+ = present, but nesting density too low to measure.
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Appendix 1 (continued)
Species 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976
38 66 62 44 38 62 59 47 55 18 64 61 70
39 +
40 533749464366
41 + +
42 1 12+
43 154544122613
44
45
46 11 + + + + +
47 + + + +
48 +
49 1 111
50 _______--_
51 + 1
52
53 2 6 6 1 6 10 6 4
54 + +
55 14 19 17 24 10 10 10 12
56
57 + 1 + + 1
5-8 3 3 1 12 +
59
60 +2321343
61 1
1
6 6 6 7
1 1
7 9 7 16
+ 2 1 +
+ 3 + 2
4 6 3 3
1 1
29 31 29 31 32 30 33 28 36 32 32 34
212 233 165 179 188 211 158 168 111 213 164 195
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Appendix 2: Wintering Bird Populations (average number of individuals)
at William Trelease Woods (24 ha)
Year 1924- 1926- 1927- 1928- 1929- 1933- 1934- 1935- 1937-
1925 1927 1928 1929 1930 1934 1935 1936 1938
Number of counts 18 ? 10 ? ? 16 19 14 4
1 Cooper's hawk
2 Red-tailed hawk 1 2 2 1 2 2 1 1
3 Rough-legged hawk 1
4 American kestrel
5 Bobwhite + 1 13
6 Ring-necked pheasant
7 Mourning dove 10
8 Screech owl
9 Great horned owl
10 Barred owl 2 2 2 2
11 Common flicker 5 4 7 6 9 2 8 4 3
12 Red-bellied woodpecker 1 1 2 1 1 3
13 Red-headed woodpecker 3 4 +
14 Hairy woodpecker 2 2 2 1 1 2
15 Downy woodpecker 3 2 3 3 3 6 5 10 7
16 Blue jay 5 2 1 2 2 2 2
17 Common crow 5 3 12 4 2 20 8
18 Black-capped chickadee 2 1 2
19 Carolina chickadee
20 Tufted titmouse 8 4 8 1 4 10 12 10 14
21 White-breasted nuthatch 1 1 4 3 2 2 4 2
22 Red-breasted nuthatch
23 Brown creeper 2 1 2 10
24 Winter wren
25 Carolina wren 1
26 Mockingbird
27 Brown thrasher
28 American robin
29 Eastern bluebird
30 Golden-crowned kinglet 1 2
31 Cedar waxwing
32 Starling 20 2
33 House sparrow +
34 Red-winged blackbird
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1938- 1939- 1940-
1939 1940 1941
1941-
1942
1942- 1943-
1943 1944
1944-
1945
1945-
1946
1946-
1947
1947- 1948- 1949- 1950-
1948 1949 1950 1951
7 6 5 5 5 5 5 5 4 6 5 6 5
1
1
2 1 1 1 1 1 1 1 1 +
3
4
5 3 6 16 17 8 1 2
6 + 1 +
7 6 14 1 7
8
9 1 + 1
10 1
11 5 1 2 1 1 2 +
12 3 1 2 2 3 2 2 3 3 3 3 4 1
13 + 1
14 1 2 1 2 2 2 2 2 1 1 2 2 2
15 11 7 8 9 10 8 8 6 8 6 9 12 9
16 1 3 2 10 6 2 1 1 +
17 6 10 18 5 6 6 8 15 6 12 26 7 9
18
19
20 8 3 2 7 14 10 6 4 9 7 4 5 3
21 2 2 2 2 2 2 1 2 2 + 2
22 1
23 4 3 2 3 3 5 2 2 1 6 3 3 2
24 2
25 1 + 1 2
26
27
28 2 3
29
30 1 2 1
1
31
' 32 2 1 3 25 1
33 1
34
111
Appendix 2 (continued)
1951- 1952- 1953- 1954-
1952 1953 1954 1955
1955-
1956
1956-
1957
1957-
1958
1958- 1959- 1960- 1961-
1959 1960 1961 1962
1962- 1963-
1963 1964
6 6 6 6 7 6 6 4 5 6 5 5 5
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
2
2
2
6
1
28
1
2
4
3
2
12
4
17
3
4
3
1
10
4
4
7
11
3
7
2
2
13
6
4
45
1
7
2
3
14
4
3
12
1
9
6
4
19
6
+
1
2
16
1
1
3
7
6
3
10
3
10
14
6
1
1
2
4
17
2
9
2
11
38
3
5
23
3
8
10
1
6
6
16
2
1
+
2
48
21
2
4
2
5
6
16
3
1
3
9
17
2
20
1
4
7
2
20
3
3
29
1
2
4
14 30 22 38 20
15 11 5 4 9
+ 1
18 36
8
6
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1964- 1965- 1966-
1965 1966 1967
1967- 1968- 1969- 1970-
1968 1969 1970 1971
1971-
1972
1972-
1973
1973-
1974
1974-
1975
1975-
1976
1976-
1977
5 5 5 5 7 5 5 6 6 6 6 6 5
1 + +
2 1 1 + + + 2 + + 1 + +
3 + + + +
4 + +
5 12 3 2
6 3 1 9 1 5 16 18 16 4 3 1 + 3
7 22 + + + 1 2 1 10 1 1
8
9 1112 111111111
10
11 31231 + 111 + + +
12 6425334422422
13 41 18 11 228+ 37
14 2212211111+ +
15 7533565644746
16 7963254794575
17 + + + + + + + + + + + + +
1819+2 + 212 + +
20 2 1 + +
21 321 + 211 1 + 111
22
23 52123436 + 1123
24 1 1 1 1 + + + 1
25 11 + + +1111
26 + + + + +
27
28 + 1+ 1 12 + + + +
29
30 + + + +1
31 +
32 18 47 42 33 6 25 18 13 18 24 38 29 10
33 111 + + + + 1 + +
34 + + + +
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Year 1924- 1926- 1927- 1928- 1929- 1933- 1934- 1935- 1937-
1925 1927 1928 1929 1930 1934 1935 1936 1938
Number of counts 18 ? 10 ? p 16 19 14 4
35 Rusty blackbird
36 Common grackle
37 Brown-headed cowbird
38 Cardinal 7 16 12 4 4 10 10 6 2
39 Evening grosbeak
40 Purple finch 7 2
41 Common redpoll + 10
42 American goldfin ch + 8 3
43 Rufous-sided towhee
44 Dark-eyed junco 15 25 20 3 1 10 10 85
45 Tree sparrow 10 11 47 25 10 20 50 25
46 Fox sparrow 2 1 2
47 Swamp sparrow
48 Song sparrow 2 3 2
Totals: Species 18 16 20 15 12 13 11 12 14
Individuals 66 86 141 55 36 68 95 212 84
+ Species present, but average number of individuals less than 0.5.
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1938- 1939- 1940- 1941-
1939 1940 1941 1942
1942-
1943
1943-
1944
1944-
1945
1945-
1946
1946-
1947
1947- 1948- 1949- 1950-
1948 1949 1950 1951
7 6 5 5 5 5 5 5 4 6 5 6 5
35
36
37
38
39
40
41
42
43
44
45
46
47
48
2113134222231
5 9
10 10 20 24 10
30 7 20 2
5 25 53 40 4
17
64
16
67
11
63
15
81
11
49 38
11
56
11
48
10
54
19
109
16
120
21
133
20
52
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1951- 1952- 1953- 1954- 1955- 1956-
1952 1953 1954 1955 1956 1957
1957- 1958- 1959-
1958 1959 1960
1960-
1961
1961-
1962
1962-
1963
1963-
1964
6 6 6 6 7 6 6 4 5 6 5 5 5
35 3 + + 14 1 +
36 +
37 +
38 1 2 4 5 4 6 2 4 4 5 2 1
39 2
40 1 1 + +
41
42 + + 2 1 1 + +
43 2
44 1 5 18 6 10 20 10 16 13 2 8 10
45 23 19 18 26 25 85 22 45 15 2 19 25
46 +
47 + 1 1
48 2 6 2 2 1 9 2 4 2 3 2
14
19 23 25 24 27 27 31 27 25 26 26 23 26
85 80 106 117 132 228 172 182 191 103 173 106 148
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1964- 1965- 1966- 1967- 1968- 1969- 1970- 1971- 1972- 1973- 1974- 1975- 1976-
1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977
5 5 5 5 7 5 5 6 6 6 6 6 5
35 + + + +
36 + + 1 +
37 +
38 5 2 1 3 1 3 4 3 2 2 5 2 2
39
40
41
42 + + 3 1 1 + 3 +
43 1
44 17 12 7 7 5 14 6 22 45 2 3 8 11
45 6 40 26 19 2 28 30 1 10 18 2 1 14
46
47 1 1 8 + 1
48 1 6 2 2 2 5 6 3 1 1 1 1
28 23 23 28 26 26 24 23 26 27 22 22 24
114 141 128 89 45 115 116 97 115 76 73 64 69
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Appendix 3: Breeding Bird Populations (number of male territories or pairs)
in Forest Plots at Robert Allerton Park
tope
Upland (12.6 ha) Floodplain (10.1 ha)
Species Bio 1949 1950 1951 1962 1964 1966 1949 1950 1951 1963 1967
Wood duck FE 1 + +
American woodcock OF 1
Mourning dove OF 1 2+ 0.2
Yellow-billed cuckoo OF + 2 1 1 1 0.5 2 1.5 2 2.5 2.5
Great horned owl CF + +
Barred owl CF + + 0.5 + + + +
Whip-poor-will FI 1.5 1 1
Ruby-throated hummingbird OF 1 3 1 1 + 3 1 0.5 0.5 1 0.5
Common flicker OF 1 2 2 + 2.5 3
Red-bellied woodpecker CF 2.5 3 2.5 4 1 3.8 2 2.5 3 6 3
Red-headed woodpecker OF 3 8 17 6 6
Hairy woodpecker CF 1.5 + 1 2.5 2 2 1 0.3 1 1 1
Downy woodpecker CF 2.5 4 1 2.5 2 3 3 4 3 2 2
Great crested flycatcher CF 1.5 3 2 1.5 3 3 3.5 2 1 7 3.5
Acadian flycatcher FI 2 4 1 2 1 + 2 4 2 3 3
Eastern wood pewee CF 4.5 9.5 5.5 3.5 8 17.2 7.5 5 3 7 3.5
Blue jay OF 1 0.5 1 2 3 3 1 2 4 2 1
Common crow FE + + + + + + + +
Black-capped chickadee OF 1 2 1 1 4 1 1 4 2.5 3 2
Tufted titmouse CF 2.5 8 2 3 5 7.8 4 5 2.5 6 3
White-breasted nuthatch CF 2.5 2 1 2 3 1.2 2 2.5 1.5 5 3
Brown creeper FI 1 0.5
House wren OF 1 3
Carolina wren CF 3 2 + 0.2 3 2.5 2 2.5
FE, forest edge; OF, open forest; CF, closed forest; FI, forest interior.
+ = present, but nesting density too low to measure.
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iotope
Upland (12.6 ha) Floodplain (10.1 ha)
Species B 1949 1950 1951 1962 1964 1966 1949 1950 1951 1963 1967
Gray catbird FE 1 2.5
Wood thrush CF 1 1 1 2 2 2.5 3 1.5 2 +
Blue-gray gnatcatcher FI 0.5 2 1 1 1 2
Starling FE 0.5
Yellow-throated vireo FI 1 1 0.5 + 3 4 + 0.5 2 1
Red-eyed vireo CF 5.5 9 5.5 5 5 5 1 3 1 9 3
Prothonotary warbler FE 2.5 4.5 3
Northern parula warbler FI +
Cerulean warbler FI 0.5 1 1 + 3 4.5 1 3 3
Yellow-throated warbler FE 1 1
Ovenbird FI 6.5 8 7 7 10 4.2
Louisiana waterthrush FI + 1
Kentucky warbler FI 4 6 2.5 4 1.8 1 2 1 1
Common yellowthroat FE 1 1
Yellow-breasted chat FE 1 0.5
American redstart FI 6.5 8 6 3 21.5 15 7 10 7.5
Brown-headed cowbird - (+) (+) (+) (+) (+) (+) (+) (+;i (+) (+)
Scarlet tanager FI + 1 1.5 2 + 0.5 0.5 1 +
Cardinal OF 3.5 5.5 5 2.5 6 7.5 3 3 3 8 4
Indigo bunting OF 2 1 1 1 0.5 4 6.5 6 14 4
Rufous-sided towhee FE 1.5 1.5 + 0.5
Totals (excluding brown-headed cowbird):
Species 25 29 23 30 25 29 24 26 24 34 32
Pairs 57.5 88.5 52.0 61.0 70.0 92.9 72.5 78.3 51.0 110.0 73.0
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Appendix 4: Yearly Breeding Bird Populations (pairs/40 ha)
on Abandoned Farmland in Robert Allerton Park
Year 1946 1947 1948 1949 1950 1951 1952 1953 1954 1955
Years since cultivation 22 23 24 25 26 27 28 29
Bobwhite FE 1 +'
Ring-necked pheasant G
American woodcock OF 7
Mourning dove OF 20
Yellow-billed cuckoo OF 2
Black-billed cuckoo FE 24
Saw-whet owl CF
Whip-poor-will FI 2
Common nighthawk FE
Ruby-throated hummingbird OF +
Common flicker OF
Red-bellied woodpecker CF
Red-headed woodpecker OF
Hairy woodpecker CF
Downy woodpecker CF
Great crested flycatcher CF +
Eastern phoebe FE 1
Willow flycatcher FE
Eastern wood pewee CF +
Blue jay OF 4
Black-capped chickadee OF
Tufted titmouse CF
White-breasted nuthatch CF
House wren OF
Carolina wren CF
Gray catbird FE 2
Brown thrasher FE 13
American robin OF 2
Wood thrush CF
Eastern bluebird FE
Cedar waxwing FE 15
White-eyed vireo FE 4
Bell's vireo FE
Red-eyed vireo CF
Blue-winged warbler FE
10
10 10
3
1
3
10
3
1
8
5
4
1
10
30
22
7
31
2 +
+ + 1 1
1 + 5 + + 2
1
1
1 1 2
2
2
1 + 1 1
5 10 1 2 3 2 4
2 3 1 10 5 7 8
3 1 2 6 3 5
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1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1971
32 33 34 35 36 37 38 39 40 41 42 43 44 45 47
+ + 3
+
2 +
2
+ + 3
+
3 8
3
13
4
8
+
4
3
+ + 2 + 1 + 1 2
8 3 10 9 13 13 7 10 14 22 14 13 23 12 9
+ + 2 5 8 7 + 7 5 3 7 8 8 12 3
1 + +
1
+
2
2
+
2
+
+
+
3 7 5 2 6
1 + 2 2 3 2 2 2 + +
1 2 2 5 2 2 5 10 7 5 5 7 13 8 3
+ 3 2 + 2 3 3 3 3 + + 4
2 4 5 7 5 2 5 9 3 1
+ + + + 2 3 +
+ + + 4 3 2 2 8 5 5 6 4 2 + 4
+ + + + 3 + 2 6 3 5 4 4 4 2 3
2 1 + 2
1 +
2 2 3 2 3 5 5 2 3 + +
3 5 7 6 5 7 11 13 15 13 12 10 10 15 11
5 3 2 9 7 5 6 5 8 5 10 4 7 2 5
+ 2 8 8
+
7 3 9
+
7
2
12
+
12
+
15
2
8
+
18 7 5
2 3 5 3 7 5 5 7 12 + 3 7 2
+ + + + 3 3 3 1
+ 2 10 4 5 3 5 7 2 10 6 6 7 2 2
+ 5 2 6 12 3 7 5
+
8 7 9 8 5
2
3
+
3
2 2 +
2
2
2
+
2
+
+
+ 3 +
+
2 1
+ 2 3
7 3 2 2 3 2 9 7 5 8 7 8 12 2 7
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Year 1946 1947 1948 1949 1950 1951 1952 1953 1954 1955
Years since cultivation 22 23 24 25 26 27 28 29 30 31
Yellow warbler
Kentucky warbler
Common yellowthroat
Yellow-breasted chat
American redstart
Eastern meadowlark
Orchard oriole
Brown-headed cowbird
Scarlet tanager
Cardinal
Rose-breasted grosbeak
Indigo bunting
Dickcissel
American goldfinch
Rufous-sided towhee
Henslow's sparrow
Field sparrow
Song sparrow
FE +
FI +
FE 9 7 5 5 16 5 15 17 7 8
FE 16 8 8 22 18 16 17 10 17 7
FI 9 13 5 6 13 5 3 + 1 3
G 2 1 3 3
FE
- (+) ( + ) ( + ) (9) (5) (+) (10) (8) (+) (+)
FI + + 1 2
OF 13 18 8 9 16 8 25 13 17 12
OF + +
OF 8 + + 12 20 5 13 13 3 8
G 3 + +
FE 24 13 25 7 13 10 15 11 5 5
FE 13 10 8 14 16 9 15 16 15 13
G 2 1
FE 37 54 32 45 54 38 33 40 30 28
FE 2 1
Totals (excluding the brown-headed cowbird)
Species G 2 2 1 1 1 1 1
FE 13 11 11 11 14 11 12 12 12 9
OF 8 8 7 7 7 9 7 9 9 10
CF 2 1 6 3 5 5 6 5
FI 2 2 2 2 2 1 1 2 2 3
Total 25 21 20 23 31 25 26 29 30 28
Pairs G 5 3 + 1 3 + 3
FE 160+ 112+ 90+ 99+ 153 92+ 113 + 111 + 86+ 75
OF 56+ 27+ 20+ 43 65 28+ 64 59+ 62+ 48+
CF + + 10 1 + 10+ 9+ 7+ 10+
FI 11 13 + 5 + 6+ 14 5 3 + 3 5 +
Total 227+ 152 + 115 + 153 + 245 126 + 191 + 182 + 158+ 141 +
FE, forest edge; G, grassland; OF, open forest; CF, closed forest; FI, forest interior.
+ = present, but nesting density too low to measure.
— = probably present, but not recorded.
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Appendix 4 (continued)
1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1971
32 33 34 35 36 37 38 39 40 41 42 43 44 45 47
+ + + 5 + 1 2372122433232222
10 8 17 9 10 8 11 15 15 8 3 3 8 5 2
+ + + + 2 ++ +
6 + + 2 + + + +
2
(+) (+) (+) (+) (+) (+) (+) (+) (+) ( + ) (2) (5) (15) (13) (8)
+ 23222 22
22 20 12 17 12 17 14 22 39 30 22 16 20 21 1322 7535 255
15 7 12 13 15 12 14 22 22 20 11 11 19 37 9
+53 12 43 - 3 4 + 3752 2
18 23 28 19 13 13 9 17 15 25 17 14 20 17 14
23 27 25 35 27 23 20 30 29 42 20 8 28 17 11
1 2 1 2 1 1 2 2 1 2 1
12 11 14 9 14 10 13 11 13 11 10 12 9 9 10
10 9 10 9 11 9 11 12 11 11 11 11 11 12 11
4 4 7 8 8 7 10 8 8 12 8 7 8 7 6
1 2 3 3 1 1 4 3 2 1 2 2 1 2 2
27 26 35 31 35 29 38 35 35 37 31 34 30 32 30
+ 6+ + 2+ 2 + + 3 + 4 + 3
73 + 81 + 98+ 83 87 54+ 73 + 92 83 + 114+ 76 62+ 100 56+ 49
57+ 40+ 52+ 71 + 72 72 70+ 108+ 131 + 118+ 89+ 77+ 120 116+ 63
+ 4+ 14+ 17+ 18+ 13 + 22+ 33 + 30+ 25 + 34+ 22+ 29+ 14+ 18
+ + + 2+ 3 2 6+ 4+ + 5 + 5 8 5 2+ 8
130+ 125+ 164+ 179+ 180+ 143 + 171 + 239+ 244+ 262+ 204+ 172+ 258+ 188+ 141
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Index and Scientific Names of Bird Species
Abandoned fields, 69, 71-83
succession of vegetation, 69, 71-77
Biotopes
bird species in each, 18, 35-36,
52, 54-55,60-65, 71-73,
78-83, 88, 93-94,99, 102,
106, 118-120, 122-123
definition, 16, 66
succession, 76-78, 94-95, 98
Blackbird, Brewer's, Euphagus
cyanocephalus, 21
red-winged, Agelaius phoeniceus,
21, 69-70, 72, 106, 110
rusty, Euphagus carolinensis, 21,
114
Bluebird, eastern, Sialia stalls, 64, 72,
102, 110, 120
Bobolink, Dolichonyx oryzivorus, 70
Bobwhite, Colinus virginianus, 28,
71,94, 102, 110, 120
Bunting, indigo, Passerina cyanea,
18,48-49,63,65, 72, 78, 81,
85, 92,94,97, 106, 119, 122
Cardinal, Cardinalis cardinalis, 18,
45-46,63,65, 72, 81, 85,94,
97, 106, 114, 119, 122
Catbird, gray, Dumetella carolinensis,
17,43-44,62,64, 71,81,94,
102, 119-120
Chat, yellow-breasted, Icteria virens,
65, 72, 77, 81,94, 106, 119,
122
Chickadee, black-capped, Parus
atricapillus, 37, 39, 62, 64, 81,
90,94, 110, 118, 120
Carolina, Parus carolinensis, 17,
37, 62, 64, 71, 90,94,98-99,
102, 110
Christmas bird counts, reliability,
95-97
"Clean farming," 69
Climax forest, time to develop, 77
Competition between species,
28-29, 35, 39,43,94,98
Cowbird, brown-headed, Molothrus
ater, 18, 20, 63,65, 72, 106,
114, 119, 122
Creeper, brown, Certhia familiaris,
18,39,64,66, 110, 118
Crow, common, Corvus brachyrhyn-
chos, 17,37-38,62,64,69,
102, 110, 118
Cuckoo, black-billed, Coccyzus
erythropthalmus, 29,81-82,
102, 120
yellow-billed, Coccyzus ameri-
canus, 17, 29-30, 61, 64, 66,
71, 82, 102, 118, 120
Dickcissel, Spiza americana, 70,
72, 79-80, 83, 106, 122
Dove, mourning, Zenaida macroura,
17, 18,29-30, 61, 64, 71, 78,
81, 94,97-98, 102, 110, 118,
120
Duck, wood, Aix sponsa, 61, 64, 66,
118
East central Illinois, 1
Elm mortality, 27-28
effect on bird populations, 29, 31
35, 37,39,41,45,48,54-56,
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93-94,97-98
Extinction, 54-56, 79-81, 95, 98
skewness, 79, 98
Farmland, 68-70
Finch, purple, Carpodacus pur-
pureus, 1 14
Flicker, common (yellow-shafted),
Colaptes auratus, 17, 31-35,
61, 64, 71, 82, 102, 110,
118, 120
Floodplain habitat, 7-8, 59-60,
66-67,98
Flycatcher, Acadian, Empidonax
virescens, 37, 61, 64, 66,
102, 118
great crested, Myiarchus crinitus,
17,35-37,61,64, 71,82, 102,
118, 120
willow, Empidonax traillii, 71, 90,
120
Food, effect on bird populations, 23,
31, 37,48, 52, 54,92-93,97
fluctuations in, 22, 24, 26, 31
Gnatcatcher, blue -gray, Polioptila
caerulea, 62, 64, 66, 102, 119
Goldfinch, American, Carduelis
tristis, 18,63, 65, 72, 81,94,
106, 114, 122
Grackle, common, Quiscalus quis-
cula, 21-22, 74, 114
Grosbeak, evening, Hesperiphona
vespertina, 114
rose-breasted, Pheucticus ludo-
vicianus, 18, 63, 65, 81, 106,
122
Hawk, Cooper's, Accipiter cooperii,
17, 28, 54,61,94, 102, 110
marsh, Circus cyaneus, 28
red-shouldered, Buteo lineatus, 28
red-tailed, Buteo jamaicensis, 17,
28,54,61,94, 102, 110
rough-legged, Buteo lagopus, 28,
110
Heron, great blue, Ardea herodias, 16
Hummingbird, ruby-throated,
Archilochus colubris, 17,61,
64, 81,94, 102, 118, 120
Index, equitability, 95
species diversity, 95
Invasion, 54-56, 79-83, 95, 98
Carolina wren, 89
house sparrow, 45
skewness, 79, 98
starling, 43, 98
Island faunas, 54, 60, 98
Jay, blue, Cyanocitta cristata, 12,
14,17,37-38,62,64,71,
79-81, 85,94,97, 102, 110,
118, 120
Junco, dark-eyed (slate-colored),
Junco hyemalis, 18, 48, 50-51,
69, 93,98, 114
Kestrel, American, Falco sparverius,
28, 102, 110
Kickapoo State Park, 69, 96
Killdeer, Charadrius vociferus,
70-71
Kingbird, eastern, Tyrannus tyrannus,
71, 102
Kinglet, golden-crowned, Regulus
satrapa, 19, 39, 110
ruby-crowned, Regulus calendula,
19, 39
Lark, horned, Eremophila alpestris,
69-71
Longspur, Lapland, Calcarius lap-
ponicus, 69
Meadowlark, eastern, Sturnella
magna, 69-70, 72, 122
Mockingbird, Mimus polyglottos,
89-90,93,99, 102, 110
Nighthawk, common, Chordeiles
minor, 120
Nuthatch, red-breasted, Sitta cana-
densis, 39, 110
white-breasted, Sitta carolinensis,
17, 39,62,64, 82,94,98, 102,
110, 118, 120
Oriole, northern, Icterus galbula, 18,
63,65, 72,90, 106
orchard, Icterus spurius, 106, 122
Index 135
Ovenbird, Seiurus aurocapillus, 63,
66, 106, 119
Owl, barred, Strix varia, 17, 29, 54,
61,64,94, 102, 110, 118
great horned, Bubo virginianus,
17, 29,37, 54, 61,94, 102,
110, 118
long-eared, Asio otus, 29
saw-whet, Aegolius acadicus, 29,
120
screech, Otus asio, 29, 102, 110
Pairs per species per 40 ha (p/s)
correlated with total populations,
84, 98
skewness, 84-88, 91, 95, 99
Pheasant, ring-necked, Phasianus
colchicus, 18, 28-29, 70,
89, 94,99, 102, 110, 120
Phoebe, eastern, Sayornis phoebe,
120
Populations, bird
correlated with species per pair
per 40 hectares, 84, 98
cycles, multiyear, 50, 98
per 40 hectares, inaccuracies, 57,
60
quantitative studies, 1
Preserves, optimum size, 96, 99
Redpoll, common, Carduelis flam-
med, 114
Redstart, American, Setophaga
ruticilla, 63, 65, 74, 85, 88,
106, 119, 122
River systems and dispersal, 89-91,
96,98
Robin, American, Turdus migratorius,
17, 18,43-44,62,64, 72, 82,
94,97, 102, 110, 120
Sandpiper, spotted, Actitis macularia,
74
Sapsucker, yellow-bellied, Sphyrapi-
cus varius, 19
Scope of study, 1-2, 4
years involved, 1, 6-9, 75, 77
Seasonal status of birds, 17-23, 97
Skewness (g i ) {see Pairs per species
per 40 hectares)
equation, 84
invasion and extinction, 79-80,
94, 98
Sparrow, field, Spizella pusilla, 18,
48-49,63,73-74,78-81,
85, 94, 106, 122
fox, Passerella iliaca, 50, 52,
114
grasshopper, Ammodramus savan-
narum, 70, 72
Henslow's, Ammodramus hens-
lowii, 70, 122
house, Passer domesticus, 45-46,
89, 94,99, 106, 110
lark, Chondestes grammacus, 70
savannah, Passerculus sandwichensis,
74
song, Melospiza melodia, 18, 50,
53, 63, 65, 73-74, 81-82, 90,
94, 106, 114, 122
swamp, Melospiza georgiana, 50, 52,
114
tree, Spizella arborea, 18, 48, 50-51,
69,93,98, 114
vesper, Pooecetes gramineus, 73,
106
white-crowned, Zonotrichia
leucophrys, 50, 52, 98
white-throated, Zonotrichia
albicollis, 50, 52
Starling, Sturnus vulgaris, 12, 17,
20-21, 32-35, 39, 43, 62, 64,
85, 88-89, 94, 98-99, 106, 110,
119
Strip-mined areas, 9, 69, 74, 77, 82
Tanager, scarlet, Piranga olivacea, 18,
63, 65-66, 106, 119, 122
summer, Piranga rubra, 63, 66,
106
Thrasher, brown, Toxostoma rufum,
17,43-44,62,64, 72, 81,94,
102, 110, 120
Thrush, wood, Hylocichla mustelina,
17, 43-44,62, 64,66, 72, 82,
102, 119-120
Titmouse, tufted, Parus bicolor, 17,
39-40,62, 64, 71, 79-80, 82,
94, 98, 102, 110, 118, 120
Towhee, rufous-sided, Pipilo erythroph-
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thalmus, 18, 48-49, 63, 65,
72, 77, 81, 106, 114, 119, 122
Turnover rates, 54-56, 60, 99
Vireo, Bell's, Vireo bellii, 72, 81-82,
120
red-eyed, Vireo olivaceus, 18,
45-46, 62,64, 66, 82,92,
97, 106, 119-120
warbling, Vireo gilvus, 64, 66, 72,
90
white-eyed, Vireo griseus, 81-82,
120
yellow-throated, Vireo flavifrons,
62, 64, 106, 119
Warbler, black-and-white, Mniotilta
varia, 62, 66
blue-winged, Vermivora pinus, 120
cerulean, Dendroica cerulea, 62,
65-66, 119
Kentucky, Oporornis formosus, 56,
63, 65-66, 106, 119, 122
northern parula, Parula americana,
65-66, 119
prothonotary, Protonotaria citrea,
65-66, 119
yellow, Dendroica petechia, 72,
90, 122
yellow-throated, Dendroica
dominica, 65-66, 119
Waterthrush, Louisiana, Seiurus
montacilla, 63, 65, 119
Waxwing, cedar, Bombycilla cedro-
rum, 81-82, 102, 110, 120
Weather, effects on populations, 41,
50-52, 89,92-93, 98
Whip-poor-will, Caprimulgus vocif-
erus, 61, 66, 82-83, 118, 120
Woodcock, American, Philohela
minor, 17, 61, 66, 81, 102,
118, 120
Woodpecker, downy, Picoides
pubescens, 17, 31-35, 61, 64,
71, 82, 102, 110, 118, 120
hairy, Picoides villosus, 17, 31-32,
61, 64, 82, 102, 110, 118, 120
red-bellied, Melanerpes carolinen-
sis, 17,31-35,61,64,82,
102, 110, 118, 120
red-headed, Melanerpes erythro-
cephalus, 17,31-35, 39, 61,
64, 71, 82, 85, 88,93, 102,
110, 118, 120
Wood pewee, eastern, Contopus
virens, 17, 35-36, 62, 64,
71, 82,92,97, 102, 118,
120
Wren, Carolina, Thryothorus ludovi-
cianus, 17, 39, 62, 64, 82,
89-90,93,99, 102, 110, 120
house, Troglodytes aedon, 13, 17,
39,41-42,62, 64, 71,81,
93, 98, 102, 118, 120
winter, Troglodytes troglodytes,
18, 39, 110, 118
Yellowthroat, common, Geothlypis
trichas, 18, 45-46, 63, 65, 69,
72, 81-82,94, 106, 119, 122
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